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~ Compore the size of the valve bodies and cylinder opero- 
= tors of these valves. Note how much less head room is 
required by the Builders voive and the drastic space 
reductions effected 


Builders Butterfly Valve 
with Builders 
~ Cylinder Operotor 
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Butterfly Valve “A 


Cylinder Operator 


Conventional 
Gate Valve 
with Stotionary 
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CONSTRUCTION 


costs... 


with compact Builders Butterfly Valves! 


Pipe galleries cost less with space- 
conserving Builders Butterfly 
Valves. Because these valves and 
their customized operators are so 


compact, they can be 


installed in tight pip- 
ing layouts. They also 


eliminate the mate- 


rials and labor costs of special con- 
struction and supports. 

Builders ‘‘more-for-your-money”’ 
valves easily meet (and surpass) all 
AWWA Specifications. 


for water works and sewage service 


Designed 


. made by the leading specialized 
supplier of water works and sewage 
equipment. For Bulletin 650-L1B, 
write Builders - Providence, Inc., 
368 Harris Ave., Providence 


© BUILDERS-PROVIDENCE 
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more efficient 
in operation, 
easier to maintain. 


for Sewage and Waste 


AERATION 


LIFTS UP FOR DIFFUSER BOOST AERATION CAPACITY AT OLDER PLANTS, 
MAINTENANCE BRING HIGHEST EFFICIENCY TO NEW 

Individual Swing Diffusers can be Wide Band Diffusion provided by Chicago Swing Dif- 
lifted out of tank without interrupting fusers in many cases doubles the aeration capacity of 
operation, eliminating stand-by aera- previously used plate diffusion systems. For example, 
tion tanks. Precision Diffuser tubes are the Columbus, Ohio Sewage Treatment Plant was able 
quickly and simply cleaned to new to treat only 37 M.G.D. with their old diffuser plate 
condition to achieve maximum diffu- system. After changing to Swing Diffusers, aeration ca- 
sion with low head loss. pacity was doubled without increasing the amount of 


air used or the volume of the aeration tanks. In both 
old and new plants, Swing Diffusers assure maximum 
Chicago Swing Diffusers offer all aaa 


sizes of treatment plants both in- FLEXIBLE AIR DISTRIBUTION 


dustrial and municipal—the advan- 


tages of air diffusing apparatus that Individual Diffusers can be simply adjusted to balance 
is always in operation at maximum air supply with oxygen demand for effective process 
efficiency. control, 


Complete Operating Histories ond Denaiptive Bulletin 
Av on 


CHICAGO PUMP COMPANY | 


Subsidiary of Food Machinery and Chemical Corporation 


SEWAGE EQUIPMENT DIVISION 
622 DIVERSEY PARKWAY © CHICAGO 14, ILLINOIS 


Now used in 
more than 


300 Plants! 


Flush Kieon Scru-Peller Plunger Horizontal and Vertical Non-Cloge Water 
Seal Pusgping Units. Somplers Swing Dittusers, Stationary Diliusers Mechanical 
Aerators, Combination Aerator. “Clarifiers. Barminutor 
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it's C-E Raymond 
for Sludge Disposal 


| at Warren, Michigan 


Architect’s drawing of the new sewage treatment plant to be built by the City of Warren, Michigan, 
C. P. McGrath, Engineer; Johnson and Anderson, Inc., Consulting Engineers. 


The new sewage treatment plant now under 
contract for the City of Warren, Michigan, 
will serve a population equivalent of 136,000 
and will have an influent of 24 million gal- 
lons per day. This plant, which is a part of 
a $15,000,000 sewerage project, engineered 
by Johnson and Anderson, Inc., of Pontiac, 
Michigan, will serve the rapidly growing 
and highly industrialized Warren area 
immediately to the north of Detroit. 
Three C-E Raymond Flash Drying Sys- 
tems, operating 7 hours a day, 5 days a 
week, will dry or incinerate the plant’s 
entire sludge output consisting of equal 
parts of straight activated and raw primary 
sludges. The foul air from all sludge holding 
tanks will be used as combustion air and 


will be passed through the Deodorizing 
Preheaters that are a part of each of these 
C-E Raymond Systems. All combustion 
gases will be completely deodorized. 

Because of the heavy concentration of 
diversified industry in the area, it is planned 
to use only one of the three C-E Raymond 
units to dry sludge for use as a soil condi- 
tioner. The remaining two units will incin- 
erate primary and/or activated sludge, but 
can be quickly and easily converted to 
fertilizer production. 

If you are considering new sewage dis- 
posal facilities, see C-E. We will be happy 
to discuss your needs with you and with 
your consultants. No obligation, of course. 


COMBUSTION ENGINEERING 


RAYMOND DIVISION 


1315 North Branch Street, Chicago 22, Illinois 
Eastern Office: 200 Madison Avenue, New York 16, N. Y. . 


B-984A 
Westorn Office: 510 West Sixth Street, Los Angeles 14, Cal. 


ALSO FLASH DRYING AND INCINERATION SYSTEMS FOR INDUSTRIAL WASTE DISPOSAL 
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NEW SIMPLEX MODULAIR HAS ONLY ONE 


MOVING PART...CONTROLS FLOW PRECISELY! 


Modulair® Controller regulates plant discharges, 


* controls elutriation...responds fast... closes tight! 


Here’s proof that the new Simplex 
Modulair Controller responds instantly 
to changes in operating head . . . auto- 
matically holds flow at desired rate. 


Chart from Modulair installation shows 
head increasing 75% while flow forms al- 
most perfect circle. 


uF LOW PRESSURE 


How Modulair works! Pipe-like casting 
with annular Venturi throat houses 
streamlined inner body with corded-rub- 
ber modulator (black) that expands and 
contracts pneumatically to control flow. 
When operating head rises, modulator 
expands automatically to restrict flow to 
set rate. 


= CONTROLLED AIR 


When operating head falls, flow tends 
to decrease—changing the Venturi differ- 
ential. Sensitive Modulair compensates 
immediately. Modulator contracts—auto- 
matically keeps flow at rate desired. 


Compact... easily installed Modulair is only 2 to 3 pipe 
diameters long! Fits wherever a piece of pipe can fit . .. in 
any position, horizontal or vertical—simplifying piping ‘lay- 
out. Modulair comes in 4” to 24” cast iron pipe sizes with 
corrosion-resisting fittings. Corded-rubber throttling ele- 
ment that’s as tough as a truck tire has given 30 years’ wear 
in accelerated life-tests. 


Accuracy! In 4 years of field performance, Modulair shows an accu- 
racy in control that exceeds today’s most exacting demands, It brings 
you sensitive, accurate flow control under wide ranges of operatin; 
— And is tight-closing — eliminating need for separate shut-o! 
valves. 

Minimize maintenance! With Modulair’s single tap design, there’s 
no place for air to accumulate . . . no place for sediment or sludge to 
lodge and interfere with accuracy. The only moving part inside pipe- 
line is non-corrosive rubber throttling element. Pneumatic poise ele- 
ment is simple, rugged. There are no line valves, no pilot valves, no 
pistons, no valve shafts, no stuffing boxes to pack! 


Lower first cost. Modulair’s low head loss means lower operating- 
head requirements . . . permits vertical compression in plant design 
and lower costs in plant construction. 


Completely pneumatic! No intermediate hydraulic steps! No pilot 
valves! No hydraulic cylinders! Air loading pressure is applied di- 
rectly to the flow controlling element. 


Automatic operation! Modulair works with control systems of any 
type to give you remote rate control or master pneumatic control 
that’s fully automatic. 


Technical bulletin! Write for Bulletin 950. Simplex Valve & Meter 
Company, Dept. SI-4, 7 East Orange Street, Lancaster, Pa. 


Accurate instruments and controls for over 50 years 


SIMPLEX 


COMPANY 


VALVE METER 
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MEMBER ASSOCIATION MEETINGS 


Association 


Montana Sewage and Industrial Wastes Assn. 


Arizona Sewage and Water Works Assn. 


Kansas Sewage and Industrial Wastes Assn. 


California Sewage and Industrial 
Wastes Assn. 


Maryland-Delaware Water and Sewage Assn. 


Alabama Water and Sewage Assn. 
New England Sewage and Industrial 
Wastes Assn. 


New York Sewage and Industrial 
Wastes Assn. 


lowa Sewage and Industrial Wastes Assn. 

Ohio Sewage and Industrial Wastes 
Treatment Conf. 

Institute of Sewage Purification 


Central States Sewage and Industrial 
Wastes Assn. 


Pennsylvania Sewage and Industrial 
Wastes Assn. 


Place 


Rainbow Hotel 
Great Falls, Mont. 


Maricopa Inn 
Mesa, Ariz. 


Broadview Hotel 
Wichita, Kans. 


San Diego, Calif. 


Commander Hotel 
Ocean City, Md. 


University of Alabama 


University, Ala. 


Viking Hotel 
Newport, R. I. 


Whiteface Inn 


Lake Placid, N. Y. 


Hotel Kirkwood 


Des Moines, Iowa 


Miami Hotel 
Dayton, Ohio 


Margate, England 


Sherman Hotel 
Chieago, Il. 


Pennsylvania St. College 
University Park, Pa. 


Time 


Apr. 4, 1957 


Apr. 4-6, 1957 


Apr. 10-12, 1957 


May 1-4, 1957 


May 22-24, 1957 


June 3-5 


June 6, 1957 


1957 


June 19-21, 1957 


June 19-21, 1957 


June 25-28, 1957 


June 26-28, 1957 


Aug. 28-30 


THIRTIETH ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 

in conjunction with 

New England Sewage and Industrial Wastes Association 
Statler Hotel, Boston, Massachusetts 


October 7-10, 1957 


142a 
N 
F 
e 
c 
e 
b 
i 


high-rate 

treatment equipment 

| is the sure cure for 
troubled waters” 


Faced with a disposal problem for oily and other types of indus- 
trial waste waters? 

Accelerated treatment of such wastes has been a prime objec- 
tive of INFILCO for over 60 years. You will find INFILCO 
equipment, with many exclusive features, includes the most effi- 
cient, compact units on the market. Whatever your need, there 
is high-rate INFILCO equipment to meet it. Here are typical 
examples. You can depend on these units to — 


e require much less space 

e provide uniform and flexible treatment 

It will pay you to consult INFILCO about waste problems 
because INFILCO KNOWS HOW to help you solve them. 
Write today for complete information. 

Inquiries are invited on all waste treatment problems. 


INFILCO INC. 
General Offices «+ Tucson, Arizona 
the one company offering equipment for 
all types of water and waste treatment 


FIELD OFFICES THROUGHOUT THE UNITED 
STATES AND FOREIGN COUNTRIES. 


High-rate flotation equipment. SepIFLOTOR® air flotation clar- 
ifiers offer new efficiency for rapid removal of oil, greases and 


light suspended solids. Bulletin 6051.—SI-28 


High-rate chemical treatment. 
AcCELATOR™ & CycLaToR® 
Clarifiers are high rate solids- 
contact units which in a single 
basin combine mixing, coagu- 
lation and sedimentation opera- 
tions. Bulletins 1825 and 850. 


High-rate biochemical oxidation. Oil refinery phenolics 
and other organic pollutants are rapidly oxidized in AERO- 
ACCELATOR® plants. Bulletin 6510. 
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Chicago, Il —Instolling 24” Mechanical Joint cost iron pipe for woter line 
rerouted due to construction of underground garage beneoth Michigon Avenve 


When vou choose pipe there should be no doubt . . . no single reservation 
as to its performance. 

You can be sure when you specify east iron pipe. Its long life, dependability, 
economy are built in—end result of five individual strength factors . . . all vital. 
These factors... listed at right...have rolled up a service record 

unique in industry, 44 cities in the United States and Canada are still 

using cast iron water m s laid a century and more ago. 

Hundreds of others are nearing the century mark. 

And today’s modernized cast iron pipe. centrifugally cast, is even 


tougher. stronger. more durable. 


What other pipe can offer you such assurance of performance? 


CAST IRON PIPE 
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DON’T MIX! 


Dependability is based on strength. 
Strength is based on these five factors 


CRUSHING STRENGTH. . . Standard 6” Class 150 cast iron pipe will withstand 
a crushing load, under standard tests, of 17,900 pounds per foot. . important where 


heavy fill or unusually heavy traffic loads must be overcome. 


BEAM STRENGTH“... Settlement or disturbance of the soil by other utilities or 
resting on an obstruction places a heavy strain on pipe. 6” Class 150 pipe bears up under 
a load of 20,790 pounds and deflects 2.32 inches. 


BURSTING STRENGTH... The average of many tests proves that standard 
6” Class 150 cast iron pipe will not burst until subjected to internal pressure 


of 3000 pounds psi... ample to resist water hammer or unusual working pressures. 


JOINT STRENGTH . .. A full range of leak-proof, low cost, easy-to-assemble 


joints and fittings are available to meet all conditions. 


CORROSION RESISTANCE . . . Cast Iron Pipe resists corrosion effectively 
vital factor in its demonstrated long life and dependability. 


*Bosed on independent laborotory tests 


Tampa Fla —Instolling lorge diameter trunk water mains 
from the pump station through the city and ovt to some of the 
fast growing residential sections 


Cost tron Pipe Research Association, Thos F Wolfe, 
Monaging Director 122 So Michigan Avenue, Chicago 3 Ill. 


SERVES FOR CENTURIES... — 
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Brown concentric-scale, indicating, float- 
actuated flow transmitter is used with a 
Parshall flume. 


Brown Parshall flume indicators and air 
flow recorders are mounted outdoors near 
clarifiers and aeration tanks at the Biosorp- 
tion sewage treatment plant in Austin, Texas. 


H 


SEWAGE AND INDUSTRIAL WASTES 


Brown indicating, record- 
ing, totalizing flow meters 
(top) for raw sewage and 
treated effluents, and 
(bottom) for air, return 
sludge flows and excess 
sludge. Raw incoming sew- 
age is mixed with sponge- 
like, biologically-active 
sludge which absorbs pol 
lution matter in the sewage 
Sewage then flows to a 
clarifier,where sludgesettles 
out, and clear, treated 
water overflows to the river 
A portion of the settled 
sludge is reactivated in an 
aeration tank and is re- 
turned to the system to 
treat more sewage. Excess 
sludge is pumped to di- 
gesters. 


Brown Instruments work with 
new, cost-cutting 
Biosorption’ Equipment 

at Austin, Texas plant 


Ts sewace PLANT at Austin used to be a standard 
activated sludge operation. By converting to the use of 
Biosorption Equipment, the plant increased its capacity 
167%, saved $200,000 in initial costs. 


As in a growing number of sewage plant installations, 
Brown instruments provide operators with accurate work- 
ing information . . . assure efficient, economical operation. 


Brown flow meters indicate, record and totalize flow 
rates of raw sewage influent, clarified effluents, air, sludge 
returned to the system, and excess sludge. Orifice plates 
are used with air flows, Venturi tubes with return and 
excess sludge flows, and Parshall flumes are used with 
raw sewage and clarified effluents. 


For your own water or sewage treatment processes, there 
are Brown instruments to cover practically every meas- 
urement and control requirement. For a discussion of 
your particular project, call your local Honeywell sales 
engineer. He'll welcome the opportunity to talk things 
over with you and your consulting engineer . . . and he’s 
as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial 
Division, Wayne and Windrim Avenues, Philadelphia 44, 
Pa.—in Canada, Toronto 17, Ontario. 


*Registered Tradename of I nfilco, Ine. 


oneywell 


BROWN INSTRUMENTS 
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View of Southwest Sewage Disposal Plant, of the Sanitary District of 
Chicago, Stickney, Illinois... where Clow Cast Iron Pipe was furnished 
to meet exact requirements. 


Clow cast iron pipe, fittings, valves 
and specials for sewage plant 
replacements or new installations 


@ James B. Clow & Sons with their many years of experience 
as manufacturers of Cast Iron Pipe and Special Castings for 
Filtration and Sewage Disposal Plants know the difficult 
piping problems that continually face the sanitary engineer. 
Clow shops are completely equipped with the latest machin- 
ery. Clow’s skilled workmen will produce pipe and specials 
to your exact specifications. Pipe can be furnished flange and 
flange, Hange and bell, flange and plain end or with mechan- 
ical joint and plain end—in sizes 3 through 24 inches in laying 
lengths up to 18 feet. 


CLOW (Threaded) Cast Iron Pipe 
Clow also manufactures (threaded) Cast Iron Pipe in steel 
pipe sizes 3 through 10 inches which has the same outside 
diameter as common steel pipe. This pipe can be cut, threaded 
and fitted on the job with ordinary tools of the piping trade. 


JAMES B. CLOW & SONS x Subsidiaries: 


Eddy Valve Co., Waterford, N. Y. 
201-299 North Talman Avenue * Chicago 80, Illinois lowa Vatve Co., Oskaloosa, lowa 
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SEWAGE AND INDUSTRIAL WASTES 


370,000 BTU/hr. HeatX for installa- 
tion at Villa Park, Illinois. Burner auto- 
matically utilizes sewage gas or natural 
gas separately or in combination. A 


pre-ignition purge cycle clears the com- 
bustion chamber of any fuel accumula- 
tion before starting or between fuel 


switch-over. 


FORCED TURBULENT CIRCULATION 
HIGH RATE OF HEAT TRANSFER 


The HeatX is designed to allow 
absolute and independent control over 
each function of sludge heating; namely, 
heating of jacket water, control of tem- 
perature and flow of jacket water and 
control of digester temperature and rate 
of turnover. 

The HeatX is offered as either a 
separate exchanger, for use with existing 
standard boilers or as a package unit 


NO SLUDGE ADHESION 


complete with a Walker Process boiler 
and burner. Boilers are designed to burn 
sewage gas, sewage gas and oil or sewage 
gas and natural gas. 

The concentric tube type exchanger 
is equipped with special removable end 
castings arranged to prevent contamina- 
tion of the heating water by material 
circulated through the sludge tubes. 

Write for Bulletin 24882. 


Engineering and manufacturing a complete line of 
water, waste and sewage treatment equipment. 


WALKER PROCESS 
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SEWAGE AND INDUSTRIAL WASTES 


Multiplies Bearing Contact 
Area by SIX...AT LEAST! 


With Chapman's 
Beamed Waterway Valve, in 
the partly open position, you get 
six to ten times more bearing contact 

surface. That's six to ten times more bearing 
contact surface than you could get from any 
other double disc parallel seat or square 
bottom gate valve. No wonder it leads 

the preferred list for Filtration Plants, 
Wash Water Service, or other similar 
limited throttling use. 

Operation is smooth. They seat snugly. 
There’s little or no leakage. Bronze 
bearing surfaces on beams and 
downstream discs are rugged. Their long 
useful life ... with top-notch performance 
and lowest maintenance . . . is measured 
in decades, not just years. This applies 
to all sizes ... with any desired 

method of operation. 

Outside of a stamp, it costs nothing to 
get all the facts. You'll find them in our 
Catalog No. 45... an informative 
digest devoted exclusively to Chapman 
Beamed Waterway 
Gate Valves. 


Why not write for it... now! 


THE CHAPMAN VALVE MANUFACTURING COMPANY ~~" 
INDIAN ORCHARD, MASSACHUSETTS 
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Louisville, Kentucky 


improves sewer service 
with gigantic 


CONCRETE PIPE 


The Louisville and Jefferson County 
Metropolitan Sewer District is spend- 
ing $114 million to improve sewer 
service in Louisville, Ky. Its new com- 
bination storm and sanitary sewer in- 
cludes some of the largest concrete 
pipe ever placed in the city. This 1 1-ft. 
diameter pipe (see photos), manufac- 
tured in 6-ft. lengths, has a shell thick- 
ness of 12 in. The project required 700 
ft. of this pipe. 


In addition, there are 200 ft. of 11- 
ft. diameter pipe cast monolithically 
on curves, 1657 ft. of precast 8-ft. pipe, 
87 ft. of 8-ft. pipe cast monolithically 
on curves, and 974 ft. of 11-ft. x 16-ft. 
inverted egg pipe cast monolithically. 


Like Louisville, hundreds of cities 
depend on concrete pipe sewers. These 
systems have demonstrated concrete 
pipe’s rugged durability, great 
strength, maximum hydraulic capac- 
ity, Minimum infiltration and leakage 
and unusual resistance to abrasion. 


Concrete pipe sewers are moderate 
in first cost, require little maintenance 
and last for generations. The result is 
true low-annual-cost sewer service. 
Send for the free 48-page booklet, 
“Concrete Sewers”, distributed only in 
the United States and in Canada. 


PORTLAND CEMENT 
ASSOCIATION 


Department A4-76 

33 W. Grand Ave., Chicago 10, Ill. 
A national organization to improve and extend 

the uses of portland cement and concrete 

through scientific research and engineering field work 
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LINK-BELT equipment helps bring Manhattan, Kansas 
low-cost sewage treatment 


70-FT. LINK-BELT CIRCULINE Sludge Collector is fed raw sewage from bottom of tank. 
Specified by Wilson & Co., consultants, system features a superior automatic scum 
skimmer with rotating collection blade. Scum is worked into pocket by rotation. 
Passage of hinged blade on rotating arm (inset) deposits scum in box, eliminating 
all manual handling. 


automatic scum skimmers and 
traveling belt conveyor mechanize 
sludge collection and disposal 


[* sO many municipalities and industrial plants, 
the city of Manhattan uses Link-Belt Circuline 
TRAVELING BELT CONVEYOR conveys dry sludge from 10 drying | Collectors for quick, low-cost sludge and scum re- 
Push-button contral station (eircled)*permits operator OVal. This integrated system incorporates a travel- 
to move bridge automatically as removal progresses. ing belt conveyor and automatic scum skimmers— 
provides efficient, positive sludge removal . . . mini- 

poe mizes manual handling. 


gy Link-Belt can apply a complete line of sanitary 

Li N K ©. B E LT engineering equipment and extensive experience to 
Crd your water, sewage or industrial waste treatment 

problems . . . will gladly work with your chemists and 


SANITARY ENGINEERING EQUIPMENT consultants. Call your nearby Link-Belt office. 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To Serve Industry There Are Link-Bele Plants and Sales Offices in All Principal Cities. 
Export Office, New York 7; Canada, Scarboro (Toronto 13); Australia, Marrickville (Sydney), N.S.W.; South Africa, Springs. Representatives Throughout 
the World. 408 
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SEWAGE AND INDUSTRIAL WASTES 


a perfect fit! 


The ingenious “Tyton Joint” is simple, speedy and 
sure. A specially designed rubber gasket fits into the 
bell end of the receiving pipe. The connecting 

pipe slides easily into place, compressing the gasket 
which provides a tight and lasting seal. 


“Tyton Joint” is remarkably easy to install. No bell hole 
Can be laid in rain or wet trench. Even an 


inexperienced crew masters the know-how quickly. 


“AH WARNED ONCLE RAFE NOT TO STICK 
HIS HEAD IN, GRAN’MAW...” 


FOR WATER, SEWERAGE AND 
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SEWAGE AND INDUSTRIAL WASTES 


and 


. Get the facts on this new joint that saves 
to the 


time, trouble, money in the trench. 


asket Call or write today. 


ll hole 
U. S. PIPE AND FOUNDRY COMPANY 
ckly. General Office: Birmingham 2, Alabama 


A WHOLLY INTEGRATED PRODUCER FROM MINES 
AND BLAST FURNACES TO FINISHED PIPE 


insert plain end of pipe until it contacts gasket 


INDUSTRIAL SERVice 


Force plain end to bottom of socket . . . the job's done! 
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Ne 
y Wipe a film of special lubricant over inside of gasket , 


with no flow 


restrictions ! 


FOXBORO 
MAGNETIC 
FLOW METER 


This premium-performance flow 
meter magnetically measures the 
flow rate of virtually any liquid 
except hydrocarbons — without 
adding any pressure drop to the 
line! It connects into the line like an 
equal length of pipe... has no pres- 
sure taps or moving parts... needs 
no maintenance. Overall accuracy 
is better than 1% of range over 
entire scale .. . even on rock-and- 
acid or sand-and-water slurries! 


Reg. U S. Pot Off. 


FACTORIES 


SEWAGE AND INDUSTRIAL WASTES 


NEw! a flow meter 


rate, trouble-free flow meter. 


THE FOXBORO COMPANY, 884 NEPONSET AVE., FOXBORO, MASS., U.S.A. 


IN THE UNITED STATES, 


The Foxboro Magnetic Flow 
Meter operates on the same prin- 
ciple as a power generator. Liquid 
passing through its magnetic field 
generates voltage proportional to 
average velocity. This voltage is 
recorded directly in flow units by a 
Dynalog Recorder or Controller. 
Available in standard sizes from 
1” to 8”... larger if required. Write 
for full details on this more-accu- 


CANADA, AND ENGLAND 
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SEWAGE AND INDUSTRIAL WASTES 


Only the excess garbage—peak loads during the summer, 
for example — is ground up here and discharged into 
the sewer. Most of it is hauled away by farmers for 
feed. But it's very much on the job when needed, say 
the men at this disposal plant in Washington, D.C. 


20 tons of garbage per hour can be disposed of by 
the Jeffrey conveyors and grinder shown below 


“Remarkable machine... 
it sure disposes of garbage in a hurry”, 


they say of this JEFFREY GRINDER 


Collection trucks dump the garbage into the 
hopper from the floor above. A Jeffrey apron 
conveyor carries it to the inclined conveyor, 
which serves as a picking table. This feeds 
the Jeffrey 36” x 36” grinder. 

Whatever your waste disposal problem, 


Jeffrey sanitation engineers offer you tech- 


nical assistance on complete plant design 
and equipment. Catalog 905 describes 
Jeffrey equipment for such plants. The 
Jeffrey Manufacturing Company, 902 
North Fourth Street, Columbus 16, Ohio. 


CONVEYING + PROCESSING « MINING EQUIPMENT. .. TRANSMISSION MACHINERY...CONTRACT MANUFACTURING 
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Jerry Donohue Engineering Company 
specifies 


PAINTS 


MEMO 
From: 
inertol Co., Inc- 


nhagen, Supt., 
t Plant, 


ared in 
ain? 


The pump room at Fond du Lac 
Ramuc Utility, a long-lasting tile-like enamel 
beautifies the walls, ceilings and stairs 


Glamortex, an alkyd resin enamel, gives a 
durable, mar-resistant finish to railings, piping 
and machinery. 


@ This beautiful, modern sewage plant at 
Fond du Lac, Wisconsin, is just one of 
many where Inertol paints are specified 
by Bruno Hartman of Jerry Donohue 
Engineering Company, Sheboygan, Wis- 
consin. He has found, as you will too, 
that Inertol specialized coatings meet ex- 
actly the requirements of hardness, 
elasticity, chemical inertness and beauty. 
Each product in the line has been devel- 


oped especially for sewage plant usage. 
The superiority and quality has been 
proved in hundreds of installations 
throughout the country. 

Our Field Technicians will be pleased 
to discuss the Inertol line fully with you 
at your office. Or write today for the 
“Painting Guide,” an invaluable aid for 
Design Engineers, Specification Writers, 
Contractors and Plant Superintendents, 


& INERTOL CO., INC. 


482 Frelinghuysen Avenue 
Newark 12, New Jersey 


27H South Park 
San Francisco 7, California 
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(Photo, courtesy Smithsonian Institute, Washington, D. C.) 


1848 years of continuous, dependable service! 


The army engineers of Fabius Sabinus Titus, Emperor of Rome, 
knew their business when they put down the original aqueduct to 
serve the water needs of the conquered city of Cologne, Germany. 
Extending 56 miles underground, between Cologne and Eiffel, this 
rugged, cement-base conduit was built in 80 A. D. — served as the 
main artery for the Cologne water supply until 1928! 


Since the days of the chariot, men who know the problems of moving 
water for growing cities have relied on concrete. Lower in initial 
cost, dependable, economical Concrete Pressure Pipe is increasingly 
the choice of far-sighted community water planners. For long life, 
high carrying capacity and ease of installation, no other pipe can 
compare with it. 


THZ 
OF 

TITUS 


built for the 
ages with... 


<ONCRET2 


Concrete 

Pressure 

Pipe combines: 

1. The Strength of 
Steel 

2. The Durability 
of Concrete 

3. The Simplicity, 
Flexibility and 
Safety of 
Rubber Gasket 
Joints 


SEE THE NEW FILM “LIFELINES FOR CIVILIZATION” 


at the American Water Works Association Convention 


Water Jor 


Generations to come 


PRESSURE 


AMERICAN CONCRETE 
PRESSURE PIPE 
ASSOCIATION 


228 North LaSalle Street 
Chicago 1, Illinois 
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_ natural cement occurring along the Rhine between Cologne and 
_ Coblenz was used by Roman army engineers in building the aqueduct. 
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Polyvinylchloride—PVC WATERSTOPS 


Have you compared “DURAJOINT” with holding power. The hollow center bulb as- 
your present water-stop materials? If so, sists in providing for extreme elongation with 
you have already found out that only full recovery. 
“DU RAJOINT” offers all of the following STRONGER .. . “DURAJOINT’S” 
important features: extreme elasticity and excellent tear re- 
BEST MATERIAL . . . “DURAJOINT” sistance allow it to successfully handle 
is extruded from a specially compounded movement of masses of concrete without 
polyvinylchloride (thermo-plastic) material being sheared. 
that will outlast the useful life of the struc- ECONOMICAL .. . “DURAJOINT” 
ture it’s used in. may be installed at a substantial savings 
BEST DESIGN ... “DURAJOINT'S” in material and labor costs over other water- 
special longitudinal ridges insure the distri- stop materials . . . easily installed by un- 
bution of critical pressures and enhance the skilled labor. 
“DURAJOINT” enjoys national distribution through 
the outlets of Tecon Products Inc. in the 11 western 
states and W. R. Meadows, Inc. in the other 37 states 
of the mid-western, southern and eastern portions of 
the United States. Write today for complete information 
and name of your local distributor. 


A PRODUCT OF ELECTROVERT 
Available in your area through... 


W. R. MEADOWS, 


304 S. ALASKAN WAY 36 KIMBALL STREET 
SEATTLE 4, WASHINGTON ELGIN, ILLINOIS 


158a 

7 

i 

TECON PRODUCTS 

>) 


a? 


When it’s B/M 
Metering’”’ 


— you know 
it’s accurate! 


The high fidelity of Burgess- 
Manning Electric and Electronic 
Meters is made possible only by 
the Burgess-Manning _ null-bal- 
ance inductance bridge, servo- 
powered meter principle em- 
ployed. To this has been added 
the refinement of a calibrated 
cam, which matches the calibra- 


tion of the recorder-totalizer and Burgess-Manning 
the differential producer for per- Meters 

fection thru ‘Matched Meter- are also available 
ing’. Burgess-Manning electric 
transmission is suitable for dis- 5: 

tances up to 5000 feet. You'll mechanical types. 
never regret having specified 

Burgess-Manning “Matched Me- Request Catalog 
tering” for greatest overall ac- 800 


curacy. 


BURGESS-MANNING COMPANY 


PENN INSTRUMENTS DLVISION 
4122 Haverford Ave., Philadelphia 4, Pennsylvania 


Instrumentation and Controls _ 
for water, steam, gases, sewage and industrial wastes 
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NEW DEVELOPMENTS IN SEWAGE TREATMENT 


P.F.T, prefab aluminum roofing being installed at the Mill Creek Sewage Treatment Plant, Cin- 
cinnati, Ohio. Twelve 110-ft. P.F.T. Floating Covers are equipped with this new roofing. Consulting 


engineers: Havens and Emerson, Cleveland, Ohio. 


Now—lifelong decks for floating covers 


with new P.F.T. prefab metal roofing 


P.F.T, aluminum roofing is as permanent as the 


floating cover itself. Unlike conventional job- 
built decks, there is no wood or composition to 
rot. P.F.T. aluminum roofing requires little or 
no maintenance. 

This new P.F.T. roofing consists of sturdy 
prefabricated panel sections; heavily embossed 
aluminum top sheets, and corrugated supporting 
bottom sheets. An inch-thick layer of Fiberglas 
insulation fills the space between. A liner of alu- 
minum foil gives additional protection against 
heat loss. Helps maintain proper digester tem- 
perature control, and keeps heating costs down. 

Shipped in easily handled sections, P.F.T. 
aluminum roofing installs quickly. Each piece is 
clearly marked for fast, accurate assembly at 
the plant site. Cut-outs and trim for manholes, 
sampling wells, hatch framing and other open- 
ings are shop fabricated. Aluminum ventilators 
are provided at the center, and over the sump 
wells at the rim. A 19”-wide service walkway 


PORT CHESTER, N. Y. @ SAN MATEO, CALIF 


@ CHARLOTTE, N 


Section of P.F.T. roofing showing (1) aluminum 
top sheet, (2) inch-thick Fiberglas insulation, 
(3) aluminum reinforcing channels, (4) corru- 
gated supporting ribs. 


also furnished extends from rim to center dome. 
P.F.T. prefabricated 


available for both new and existing floating 


aluminum roofing is 


covers. For long range economy, it is the most 
permanent, best insulated roofing available. For 
complete details, write today for newly pub- 
lished, 12-page Technical Bulletin No. 333. 


waste treatment equipment 
exclusively since 1893 
PACIFIC FLUSH TANK CO. 
4241 Ravenswood Avenue 
Chicago 13, Illinois 


JACKSONVILLE @ DENVER 
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THE A radically new and different approach to the treatment 


of domestic sewage and industrial wastes, the Dorr- 


SP/ROVORTEX Oliver SpiroVortex System contains many definite and 
It 


proven advantages is especially suited where 90% 


B.O.D. removals are required. The headaches caused by 
STEM bulking of sludge are eliminated as this new System produces 


an excellent settling sludge, regardless of whether the plant 


‘ is overloaded or is operating under normal conditions. The 
Incorporating high recirculation ratio over the Superate Filter means 
The Superate greater ability to handle changes in raw sewage characteris- 


. tics under shock load conditions 
Filter For a more complete picture of how the new Dorr-Oliver 
SpiroVortex System operates, write for a copy of Bulletin 
No. 7314 just off the press. Dorr-Oliver Incorporated, 
Stamford, Connecticut 

SpiroVortex System and Superate Filter 
ore trademarks of Dorr-Oliver Incorporated 


om ater 
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Sewage Works 


RAW SEWAGE STABILIZATION PONDS 
IN THE DAKOTAS * 


By W. W. Townes, A. F. Bartscu anp W. H. Davis 


Robert A. 


The U.S. Public Health Service has 
been engaged in field studies of raw 
sewage stabilization ponds the 
Northern Plains States, where the 
primary objective is to provide a mini- 
mum cost method of sewage treatment 
with no specific concern for water rec- 
lamation. In fact, in many instances, 
it is desirable that the pond constitute 
a complete system of sewage disposal. 
In such cases, therefore, evaporation 
and seepage often work in support of 
this objective. 


Early Installations 


The use of stabilization ponds for 
treating raw sewage in the Northern 
Plains States dates from 1948, when 
the initial installation was constructed 
at Maddock, N. Dak. The design for 
that installation was based on observa- 
tions at Fessenden, a small municipal- 
ity several miles away, where a 
dammed-off slough had operated sue- 
cessfully as a sewage disposal facility 
during a 20-year period. 

As a result of experience with stabi- 
lization ponds in the Dakotas since 
1948, they grew rapidly in popularity 
until in 1956 there were 41 such fa- 
cilities in operation in North Dakota 
and 32 in South Dakota. Their use has 
spread to neighboring states through- 
out the Missouri River drainage basin, 
where at present there are 136 stabi- 
 * Presented at the 29th Annual Meeting, 


Federation of Sewage and Industrial Wastes 
Assns.; Los Angeles, Calif.; Oct. 8-11, 1956. 


Taft Sanitary Engineering Center, USPHS, 


Cincinnati, Ohio 


lization ponds, 99 of which treat raw 
sewage and 37 receive primary or sec- 
ondary effluents. These facilities serve 
more than 125,000 persons in munici- 
palities that range in size from ap- 
proximately 100 to 11,000. Basie data 
referring to these installations are 
given in Table I. 

The growing popularity of stabiliza- 
tion ponds among Missouri River 
Basin municipalities, and interest in 
their use by municipalities elsewhere, 
emphasized the desirability of more 
complete information concerning their 
design, operation, and maintenance. 

In 1954, the 53rd Annual Confer- 
ence of State and Territorial Health 
Officers adopted the following resolu- 
tion: ‘‘Sewage Treatment by Lagoons. 
That the Public Health Service in- 
vestigate sewage lagoons as a means 
of treating raw municipal sewage to 
determine the various design criteria, 
their effectiveness, and detail of opera- 
tion.’’ The State Health Departments 
in the Missouri River Basin also initi- 
ated requests to the USPHS for as- 
sistance in cooperating with them on 
studies of these facilities. North and 
South Dakota, in particular, had ear- 
ried out limited studies on some of the 
early installations and were anxious to 
develop more rational design criteria. 


Initiation of the Study 


The USPHS office in Kansas City 
had been following the operation of 
such facilities since the initial installa- 
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tion. Late in 1954, representatives 
from that office and the Robert A. Taft 
Sanitary Engineering Center met with 
State Health Department personnel 
from the Dakotas for the purpose of 
planning a field study of selected sew- 
age stabilization ponds then in opera- 
tion, 

This study was but the first phase 
of three parts of a more comprehensive 
plan, the others being the collection 
and analysis of basic data on existing 
installations throughout the country, 
and controlled studies on experimental 
units to obtain fundamental knowledge 
prerequisite to the development of 
basic design and operation formula- 
tions and criteria. It was felt that the 
field studies and the collection and 


DAKOTA RAW SEWAGE 


PONDS 381 
analysis of basic data on existing in- 
stallations would help to define better 
those areas of study which should be 
undertaken in experimental units to be 
constructed at a later date. 

This paper deals only with the first 
phase, which consisted of seasonal 
studies of five Dakota installations in 
cooperation with the State Health De- 
partments of North and South Dakota. 
Personnel from those two departments 
actively participated in the planning 
and conduct of all field investigations. 
The locations of these five ponds to- 
gether with all others in the two states, 
are shown in Figure 1, 

In keeping with the original plans, 
each facility was studied intensively 
for a three-day period during each of 
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FIGURE 1.—Location of sewage stabilization ponds in North and South Dakota, 
June, 1956. 
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the four seasons in 1955, using a mo- 
bile laboratory which was set up at 
convenient locations. Special studies 
and observations were made at other 
times throughout the year and extend- 
ing to June, 1956. 

The first field study was begun in 
January, 1955, at which time all 
ponds were heavily covered with ice. 
The other three seasonal studies were 
carried out in the spring (shortly 
after the transition from ice cover to 
open water, but before hot weather), 
during the and the 


summer, during 


fall just before freeze-up. 


MADDOCK 
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In addition to these intensive stud- 
ies, certain special studies were carried 
out at these and other ponds during 
1955 and 1956 in order to follow the 
chemical and biological changes occur- 
ring during the transition period from 
ice cover to open water. 

The objectives of the study were as 
follows: 


1. To give better 
and definition to the 
mechanism. 

2. To evaluate variables in design, 
loading, and season. 


understanding 
stabilization 


OVERFLOW KADOKA 


WISHEK 


ISLAND 
18] 
INLET 
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FIGURE 2.—Plans and characteristics of the five stabilization ponds studied. 
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3. To review and develop interim 
design, construction, operation, and 
maintenance criteria for the particu- 
lar geographic area. 

4. To determine the objectives and 
direction of future pilot plant studies. 


In approaching these objectives, the 
five installations listed hereafter were 
selected for study on the basis of vari- 
ability of design, B.O.D. loading, 
depth, area, type of inlet and outlet 
structures, and other characteristics. 


Kadoka, 8S. Dak.—Irregular in shape 
and depth, this installation had been 
subject to some complaints of odor by 
nearby residents. It served a popula- 
tion of 550 to 850; had an area of 3.0 
acres (at time of survey), and an 
average loading of 22.9 lb. per acre 
per day. 

Wall, 8. Dak.—This was the shallow- 
est of all Dakota installations. It 
served a population of 556, had an 
area of 8.9 acres, and an average load- 
ing of 7.0 lb. per acre per day. 

Lemmon, S. Dak—This was the 
deepest of all Dakota installations, and 
served the largest population at the 
time study was initiated. Population 
served was 2,760, its area was 27.1 
acres, and the average loading was 
6.8 lb. per acre per day. 

Maddock, N. Dak.—This was the 
only pond with three cells in series. 
Population served was 741, its area 
was 11.7 acres (lst cell), and the 
average loading was 9.4 lb. per acre 
per day. 

Wishek, N. Dak.—This installation 
was regular in shape and depth, and 
completely enclosed by dikes. Popula- 
tion served was 1,241, the area was 
7.8 acres, and the average loading was 
13.0 lb. per acre per day. 

A plan view of each of the stabiliza- 
tion ponds is shown in Figure 2. 


Mechanism of Stabilization 


Several general descriptions of the 
use of stabilization ponds and the 
mechanism of sewage treatment have 
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appeared in the literature (1-29 in- 
elusive). In this mechanism, bacteria 
convert decomposable organic matter 
in sewage to a more stable product 
through various physiological actions, 
at the same time liberating nutrient 
elements needed for algal growth. 
Through photosynthesis, the algae pro- 
duce their own food by using light 
energy to combine water and carbon 
dioxide into simple sugars. In so 
doing, they perform the key role in 
successful pond operation—the main- 
tenance of aerobic conditions by re- 
leasing by-product oxygen. 

During the long period of ice cover 
in the Northern Plains States, algal 
photosynthesis ceases for lack of light, 
and aerobic processes give way to 
anaerobic ones. During this period, 
the ice layer serves as a barrier be- 
tween the pond content and the at- 
mosphere so that no nuisance devel- 
ops from the cold-retarded anaerobic 
processes. 

During the transition period from 
ice cover to open water, however, an 
opportunity is afforded for the release 
of odors from the septic sewage before 
sufficient biological activity has devel- 
oped to provide the photosynthesis 
required to establish aerobic condi- 
tions. This is the most critical time of 
the year for stabilization pond opera- 
tion. 


Scope of Data and Laboratory 
Analyses 


Three types of observations were 
made throughout the investigations, as 
follows: 


1. Physical—Raw sewage and pond 
effluent flows; wind velocity and diree- 
tion; air and pond temperature; light 
intensity ; structural features; and vol- 
ume of contents. 

2. Biological—Plankton and bottom 
organisms ; coliform bacteria (M.P.N.) ; 
and special tests. 

3. Chemical—Dissolved oxygen ; bio- 
chemical oxygen demand; pH; alka- 
linity ; total organic, ammonia, nitrite, 
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and nitrate nitrogen; total and ortho- 
phosphate ; sulfides; chlorides; turbid- 
ity; and suspended solids. 


All of these analyses were conducted 
in each of the four seasonal investiga- 
tions. During the summer study pe- 
riod, special soil studies were also ear- 
ried out to determine (a) the under- 
ground movement of water from the 
ponds and (b) the structure of the 
soil in the pond bottoms and dikes, 
and its relation to percolation. 


Treatment Obtained 


The treatment obtained has been 
evaluated on the basis of changes in 
coliform density, chemical quality, and 
physical characteristics. 

Reductions in coliform density (that 
is, M.P.N.) were 99 per cent during 
more than 50 per cent of the time and, 
except for one sampling period at two 
installations, were 95 per cent or 
greater at all times (Table II). These 
values are based on the geometric 
mean of all M.P.N. values of the pond 
influent. Also, in installations at 
Wall, Maddock, and Wishek, where 
there was no overflow, reduction is 
calculated from all pond samples col- 


TABLE II.—Seasonal Reduction 
in Coliform Density 


Su 


| Coliform Density 
| (M.P.N. X103,//100 ml.) 

Location | Season 
teductio 
P Effluent Re 
| 

Kadoka, Winter 23,700} 1-24 | 
S. Dak. Spring 43,000} 120-230 | 99.5-99.8 

| 


mmer | 101,000 3-240 | 99.6-99.9 
Fall 46,000] 
| 
13,420} 420-2,200) 83.6-96.8 


Wall, S. Dak.| Winter 


Spring 3,170} 4-13 19.6-99.9 
|} Summer 63,240 40-340 99.4-99.9 
| Fall 46,000 240-460 | 99.1-99.6 
Lemmon, Winter 19,000} 20-46 |99.7-99.8 
S. Dak. | Spring 4,580} 21-43 | 97 3-99.1 
Summer | 34,900] 15-93 |99.8-99.9 

Fall 2,300 43-930 | 59.5-98.1 


Maddock, Winter 32,000} 580-1,330) 95.9-97.4 
¥. Dak. Spring 2,580 19-27 | 98.8-99.2 
; Summer | 32,200 80-298 | 99.1-99.7 
Fall } 930 23-43 | 95.4-97.4 
Wishek, Winter 1,430-3,380) 97.8-099.2 
N. Dak. Spring 19,950 45-250 | 98.6-99.8 
Summer | 42,000} 234-1,710) 95.9-99.6 

Fall — _ - 
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lected more than 50 ft. from the inlet 
structure. 

Certain algae have been reported to 
produce anti-bacterial substances (24), 
and the reductions in coliform densi- 
ties accomplished in stabilization ponds 
may be due in part to such substances ; 
however, the detention time alone, as 
observed in the Dakota studies, should 
be sufficient to account for the redue- 
tions stated. It also should be noted 
that reductions at different seasons 
were not appreciably different. 

In terms of B.O.D., the organic load 
was reduced by a minimum of 43.6 
per cent and a maximum of 98.4 per 
cent. It should be pointed out that 
the minimum value was obtained at 
Wall, S. Dak., under ice. In this ease. 
due to the shallowness of the pond 
beneath the ice, it was difficult to ob- 
tain a sample without picking up bot- 
tom material. Furthermore, the ice 
formation had concentrated the origi- 
nal pond contents into a much smaller 
volume. 

The minimum B.O.D. reduetion at 
the other locations was 70.0 per cent, 
which was also during ice cover. Dur- 
ing open water conditions, pond and 
effluent samples contained large quan- 
tities of algae, which join with bacteria 
and other organisms in utilizing oxy- 
gen during the incubation of B.O.D. 
samples in darkness. 

Such B.O.D. values are not strictly 
comparable to those of the influent 
sewage, although they were of neces- 
sity used in deriving the B.O.D. re- 


ductions shown in Table IIT. Also, 
they do not reliably indicate the 
probable effect upon the receiving 


stream, as the algae may actually pro- 
duce oxygen under proper light con- 
ditions. 

In spite of differences in loading, 
shape, depth, area, and presence or 
absence of an overflow, no striking dif- 
ferences in reduction were noted 
among the five stabilization ponds dur- 
ing the four seasons. At a given pond, 
operational differences apparently due 
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TABLE III.—Seasonal Reduction 


B.O.D. Reduction (%) 


Location 


Winter Spring [Summer Fall 
Kadoka, 8. Dak. | 96.2 | 88.0| 87.0 | 86.2 
Wall, 8. Dak. 43.6 | 87.2 | 88.5 | 85.4 
Lemmon, 8. Dak. | 91.2 | 88.4] 93.0 | 92.8 
Maddock, N. Dak.| 76.8 | 88.2 | 97.2 | 98.4 
Wishek, N. Dak. | 70.0 | 73.8 89.0 _— 


to season, seemed of little consequence. 
Seasonal differences that were evident, 
tended to show up in winter rather 
than at other times. 

At the Kadoka and Lemmon ponds, 
which are provided with overflow 
structures, B.O.D. reductions were cal- 
culated in pounds. At Kadoka, the 
mean reduction during spring, sum- 
mer, and fall was 92 per cent. At 
Lemmon, it was 99.3 per cent during 
the summer. In addition to the de- 
erease in B.O.D. concentration, these 
percentage reductions are obtained 
partly by seepage and evaporation 
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losses, which are indicated by the low 
rates of overflow. At Lemmon, for 
example, the volume of pond over- 
flow was only about 10 per cent of the 
raw sewage inflow, whereas at Kadoka 
it was close to 50 per cent. It should 
be noted, however, that the B.O.D. 
concentrations at sampling stations 
within the pond itself are not sig- 
nificantly different from the effluent 
sample, even though some of the sam- 
pling stations located within the pond 
proper were relatively close to the 
inlet. 

The B.O.D. reductions shown in 
Table III represent treatment accom- 
plished in a single cell. At the Mad- 
dock installation, which consists of 
three cells arranged in series, the 
B.O.D. is further reduced in each cell 
(Figure 3). Here, there is no overflow, 
and seepage and evaporation losses 
tend to maintain a uniform level. In 
cell No. 3, B.O.D. concentration was 2 
to 6 p.p.m. Here also, as at other in- 
stallations without an overflow, dis- 
solved solids as shown by chlorides 
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FIGURE 3.—Two analyses at all stations; winter, spring, summer and fall, 1955. 
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were concentrated by freezing out in 
the winter and by evaporation at other 
times. The mean chloride concentra- 
tion in raw sewage was 144 p.p.m. 
During open water in the first cell, it 
was 177 p.p.m.; in the succeeding cells, 
227 and 228 p.p.m., respectively. Dur- 
ing ice cover, chloride concentration 
in the first cell was about three times 
that in the sewage. 

At Wall, where ice occupied a 
greater proportion of the pond vol- 
ume, the winter chloride concentra- 
tion was three and one-half times that 
of the raw sewage. At Kadoka and 
Lemmon, which utilized an overflow, 
increases in chloride concentration 
were negligible at all seasons. 

Reductions in suspended solids are 
affected by two antagonistic processes 
—deposition on the one hand, and pro- 
duction of free floating algae on the 
other. During the winter, when algal 
production is at a standstill, suspended 
solids reduction ranged from 68 to 93 
per cent. During open water seasons, 
mean reductions have ranged from 1 
to 66 per cent, and at Wall the sus- 
pended solids increased 190 per cent 
during one of the test periods. The 
dark green color of the pond con- 
tents leaves no doubt as to the origin 
and nature of the new suspended 
solids. 

As far as physical appearance is 
concerned, the five ponds were light 
to dark green during open water sea- 
sons. Sewage solids were not gener- 
ally recognizable in the pond, even 
immediately over submerged inlet 
structures. 


Factors Affecting Purification 
Processes 


A number of factors jointly deter- 
mine the course and effectiveness of 
stabilization pond treatment of sewage. 
Among the controllable factors are 
depth, area, loading, and mode of in- 
troducing sewage. Solar radiation, 
temperature, and wind are not control- 
lable, and to a large extent determine 
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how the controllable factors can and 
should be manipulated. 

Solar radiation is important in three 
different ways. First, regional varia- 
tions in annual solar radiation which 
differ with latitude, elevation, and 
cloud cover, will determine how well 
a pond will operate in a given loca- 
tion. Second, seasonal changes in daily 
solar radiation suggest the seasonal 
difficulties to be expected. Finally, 
penetration of incident light deter- 
mines how much of the pond volume 
will participate in oxygen production. 


Photosynthesis 


Because photosynthesis is such an 
important factor in pond operation, 
considerable time and effort were de- 
voted to studying this phenomenon. 
Light penetration into the ponds was 
measured during each season, using 
matched surface and submerged pho- 
tronic cells sensitive between 4,200 and 
7,000 Angstroms. Figure 4 shows light 
remaining at various depths in three 
South Dakota bodies of water. Be- 
eause of the extremely dense growths 
of algae, light penetration in stabiliza- 
tion ponds is strikingly less than in 
most bodies of water which have been 
measured. Murdo Lake, a water sup- 
ply reservoir for Murdo, 8S. Dak., falls 
within the general range of light ex- 
tinction commonly reported for lakes, 
and absorbs 99 per cent of incident 
light in the upper 23.5 ft. In contrast 
to this, the layer absorbing 99 per cent 
of the light in the pond at Kadoka 
is only 6 in. thick. This difference in 
light absorption with depth results 
for the most part from the difference 
in algal density. This is reflected by 
chlorophyll concentrations, as shown 
in Figure 4. 

The layer absorbing 99 per cent of 
incident light, sometimes called the 
euphotic zone, is significant in any 
body of water as the stratum in which 
all appreciable photosynthesis occurs. 
With reference to stabilization ponds, 
it therefore indicates the proportion of 
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FIGURE 4.—Light remaining at various depths in three different bodies of water, 
July 27-29, 1955. 


volume that produces oxygen by photo- 
synthesis, and suggests the decreasing 
areation benefit to be expected from 
each additional increment of depth. 

The light absorption pattern varies 
with each sewage stabilization pond, 
suggesting an individuality that can 
be expressed in terms of the depth at 
which 10 per cent and 1 per cent of 
the surface light remains. These 
values are given in Table IV for five 
ponds and Murdo Lake. Also shown 
is per cent light transmission through 
ice and snow. These latter values 
agree well with measurements through 
ice on southeastern Michigan lakes 
(27). 


Oxygen production at the light in- 
tensities prevailing at various depths 
was measured in several stabilization 
ponds. To do this, pond samples in 
glass-stoppered B.O.D. bottles were 
suspended at selected depths in the 
pond. One-half of the bottles were kept 
dark by covering them with two layers 
of aluminum foil. Oxygen change oc- 
curring during the test period was 
used to determine mean hourly photo- 
synthetic production and total respira- 
tory use of oxygen. 

Diminishing photosynthesis with 
depth, as determined in the Lemmon 
pond, is shown in Table V. Oxygen 
production decreased rapidly with 
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(Approximate Depth at which Indicated Light Remains) 
| | Depth Light Remaining Light Transmission through 
(in.) | ce and Snow 
Location Season | 
} 10% 1% Ice Snow Light 
Surface Surface Thickness Thickness Trans 
Light Light (in.) (in.) (%) 
Kadoka, Dak. | Spring | 5.9 12.5 
| Summer 5.5 16.0 ~- - — 
| Fall 5.0 11.5 — -— — 
| Winter — — 10.5 0.9 6.5 
| 
Wall, 8S. Dak. Spring 2.0 4.0 — - — 
Summer 7.0 16.5 — 
Winter — - 10.0 0.0 20.4 
Lemmon, 8. Dak. Spring 7.0 | 16.5 — — 
Summer 12.9 27.5 — — — 
Fall 4.0 | 95 | - 
Winer | — | — | 127 0.0 55.5 
| 
Maddock, N. Dak. Spring | 5.5 12.0 — — — 
Summer 10.0 23.0 — — — 
Fall 7.5 15.5 — 
Winter 25.9 3.0 1.2 
Wishek, N. Dak. Spring 3.0 | 7.0 | ~- - 
Summer 6.5 | 15.5 - - — 
Fall 3.5 | 8.5 — 
Winter - — 17.0 | 3.0 1.2 
| | | 
Murdo Lake, 8. Dak. Summer 158 | 282 — — — 
depth. The rate at the 24- and 38-in. This production rate, which was 


depths was 14 per cent and 3.5 per 
cent, respectively, of what it was at 
10 in. Respiratory use of oxygen was 
essentially the same at all depths. The 
1 per cent light level oceurred at 32.5 
in., and oxygen production at this 
depth was estimated at 0.2 p.p.m. per 
hour or only one-half the rate of re- 
spiratory use. 


measured during the brighter part of 
the day, does not persist throughout 
the daylight period. Other tests 
(Table VI) showed that the production 
rate varied from 17.8 lb. per acre per 
hour at mid-morning, to only 0.25 Ib. 
during early evening. Although di- 
minishing light intensity is an im- 
portant factor in limiting photosyn- 


TABLE V.—Oxygen Production! at Different Depths During a 5-Hr. Period 


on August 12, 1955; Lemmon, S. Dak. 


D.O. Change (p.p.m.) 
Percentage | Oxyge Respirat 
of Surface | Depth (in.) — Oxygen 
| Light Bottles Dark Bottles 
19.0 1050 10 | +12.6 —2.1 2.9 0.4 
3.1 167 24 | 0.0 —2.1 0.4 0.4 
0.5 27 38 | = ~2.0 0.1 0.4 
0.07 3.8 53 —1.6 —1.8 0.04 0.4 
| 


1 Determinations made in triplicate, 
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TABLE VI.—Dissolved Oxygen Production vs. Demand, August 10, 1955; Lemmon, S. Dak. 


Light Intensity (ft.-c.) at 


Dissolved Oxygen (lb./acre/hr.) 


Duration of 
Measurement 
(hr.) 


Time of Day 


Observed 
Sewage 
Influent 

B. O. D. 
Loading! 


Total Photo- Total 
synthetic Respiratory 


Surplus 
Production Use 


9:00 am 
1:00 pm 
3:00 rpm | 
7:30 pM 


17.8 
12.9 


4.9 
5.9 


12.9 
7.0 


0.28 
0.28 


7.0 
0.24 


5.9 1.1 


—§.1 


0.28 
0.28 


Ultimate. 


thesis, shortage of carbon dioxide may 
be partly responsible also. 

During this same period, total re- 
spiratory use varied only slightly in 
spite of using a separate pond sample 
for each test period. The oxygen used 
in total respiration, as shown in Table 
VI, is that required for the needs of 
all living organisms in the pond, in- 
cluding bacteria which attack not only 
the incoming sewage, but also dead 
algal cells and any other decomposable 
organic matter that may be present. 

The direct influence of the incoming 
sewage upon the respiratory rate is 
not clearly discernible; however, if 
sewage loading is simply converted to 
pounds of ultimate demand per acre 
per hour, the theoretical oxygen de- 
mand of the sewage can be grossly 
compared with that of the whole bio- 
logical system. Such comparison sug- 
gests that the nutrients in sewage 
stimulate development of a biota with 
oxygen requirements considerably 
greater than those of the sewage itself. 

Conditions in the light and dark 
bottles prevailing during a test differ 
from pond conditions in a number of 
ways. During daylight, especially on 
warm calm days, temperature de- 
ereases with depth, commonly as much 
as 10.8° F. in 3.5 ft. Such gradients, 
which are generally formed before 
noon, disappear during high winds 
and after sunset so that temperature 
is fairly uniform with depth at such 
times. The algae, also, are not dis- 
tributed uniformly with depth, but 


tend to concentrate toward the surface 
during daytime and again become 
more uniformly distributed at night. 
This vertical fluctuation was also in- 
dicated by high daylight concentra- 
tions of chlorophyll in overflow sam- 
ples collected at 3-hr. intervals and 
low concentrations during darkness. 
Chlorophyll ‘‘A’’ concentrations at 
different depths in the Kadoka pond 
are shown in Table VII. A stronger 
vertical gradient is shown at noon 
than at other times of day. Similar 
vertical distribution of algae, as indi- 
eated by chlorophyll concentration, 
was noted at other ponds also. 
Because of these temperature and 
algal density variations with depth, 
bottle test data cannot be expected 
to simulate exactly the productivity 
in the pond itself. Further devia- 
tion may result from differential 
limitation of nutrients, especially car- 
bon dioxide, as the day progresses. It 


TABLE VII.—Chlorophyll ‘‘A” Concentrations 
at Various Depths at Different Times of Day, 
July 27, 1955; Kadoka, S. Dak. 


Chlorophyll “A"’ Concentration (p.p.m.) 
Depth 
(in.) 


10:45 am 12:30 pm 5:45 pm 


7.32 
3.45 
1.62 
0.99 
0.49 
0.38 


3.28 


2.62 
1.53 
0.92 
0.53 


| | 
0.5 552 5.5 
10 (780 7s | a 
2.0 390 3.9 
2.0 55 <1.5 | 5.3 
3 | | 
10 
12 3.36 — 
17 
24 2.86 
36 2.22 
47 


390 


is likely that there are other related 
factors not now fully recognized. 
There is reason to believe that photo- 
synthesis proceeds at a higher sus- 
tained level in the pond than in the 
test bottles. 

In spite of these variations, the test 
data give better understanding than 
otherwise available concerning the 
course and magnitude of diurnal flue- 
tuations in dissolved oxygen. As 
shown in Figure 5, daytime peaks in 
dissolved oxygen concentration at 6-in. 
depth may range from near saturation 
to several times saturation because of 
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algae. Loss of oxygen to the atmos- 
phere and respiratory use by the biota, 
the latter masked completely during 
the day by photosynthetic production, 
result in lowering the concentration 
to less than saturation at night. 

In certain ponds, generally, and 
in others only during a period of 
cloudy weather, nocturnal levels 
dropped to zero and remained there 
for one to several hours. At such 
times, the period of oxygen depletion 
was sufficiently brief that objection- 
able odors did not develop. 


At Lemmon, on August 10 and 
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FIGURE 5.—Field observations at Lemmon, S. Dak., summer 1955. 
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FIGURE 6.—Vertical variations in dissolved oxygen at different times of day; 
July 28, 1955; Kadoka, S. Dak. 


13 to 18 miles per hour, whereas it 
was only 1 to 3 on August 11. It has 
been noted that wind of sufficient ve- 


locity to cause surface disturbance 
accelerates the rate of oxygen loss to 
the atmosphere. 

Apparently it is this phenomenon 
that explains the magnitude of the dis- 
solved oxygen peaks observed on these 
three days. The diurnal pattern of 
dissolved oxygen change observed at 
the 6-in. depth shows only part of the 
over-all pattern of change in the en- 
tire pond. At mid-day, it is not un- 
usual for the D.O. concentration to be 
greater at 10-in. than at 3-in. depth. 
Also, as shown in Figure 6, concentra- 
tion at that time can shift from more 
than 30 p.p.m. at 10 in., to zero just 
26 in. deeper. This pattern also 
changes with time as oxygen invades 
and accumulates in the deeper layers 
after noon. 

At the time of these observations, 


99 per cent of the surface light was 
absorbed and presumably all appreci- 
able photosynthesis occurred in the 
upper 16 in. of depth. Because of this, 
the oxygen present below this depth, 
oceasionally at concentrations exceed- 
ing saturation, must have come from 
above by diffusion and vertical mix- 
ing. 


Surface Area 


The principal design criterion used 
in the Dakotas in the early stabiliza- 
tion ponds was loading in persons, or 
B.O.D. equivalent, per acre of water 
surface. The commonly quoted figure 
was 100 persons per acre. Assuming 
a daily per capita sewage flow of 50 
gal., the total annual flow from 100 
people would be slightly in excess of 
5.5 aere-ft. In this area, where annual 
evaporation ranges from 30 to 75 in. 
and precipitation from 10 to 29 in., 
it is not unusual to have no overflow. 
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To maintain a constant operating level 
or to have an overflow, the influent 
flow plus precipitation must equal or 
exceed evaporation plus seepage. If 
the seepage is excessive, sufficient wa- 
ter depth for proper pond operation 
will not be maintained. 

If the pond contents are to be 
maintained in an aerobic condition 
during all periods of open water, the 
surface area requirements will be dic- 
tated by the rate of reaeration dur- 
ing the so-called critical season, the 
period of minimum algal activity and 
photosynthesis. In the Dakotas this 
critical period is at, and immediately 
following, the transition from ice cover 
to open water. The pond contents 
are still anaerobic, and aerobie condi- 
tions have to be entirely re-established. 

The Dakota experience indicates 
that at loadings of 100 persons (or 
B.0.D. equivalent) per acre, the recov- 
ery in the spring will require a mini- 
mum number of days. At other sea- 
sons there is evidence to indicate that 
aerobic conditions can be maintained 
with much heavier surface loadings. 


Depth 


As pointed out elsewhere in this dis- 
cussion, optimum depth is directly as- 
sociated with light penetration and 
resulting photosynthesis. From a theo- 
retical standpoint, a pond only a few 
inches deep might be the most efficient 
oxygen producer. From a practical 
standpoint, however, it has been found 
desirable to maintain sufficient depth 
to discourage the growth of rooted 
aquatic plants. A depth of approxi- 
mately 3 ft. has generally been ade- 
quate to control such plant growth. 
Also, there appears to be no particular 
advantage in having depths much 
greater than 3 to 4 ft. The shallower 
depths will contribute to better mix- 
ing and spreading of settleable solids 
over the entire pond area by wind 
action. This will minimize the possi- 
bility of sludge banks and resulting 
anaerobic action and will tend to pick 


up and disperse settleable solids into 
the overlying aerobic environment. 

On the basis of the field observa- 
tions, there is reason to believe that 
it would be desirable to vary the depth 
at different seasons. It was quite ap- 
parent that spring recovery proceeded 
more rapidly in the shallower ponds, 
whereas some increase in depth in the 
summer might be desirable to control 
rooted aquatie plants. The operating 
depths of from 3 to 5 ft., as recom- 
mended by the two states, appear to 
be reasonable. It is also desirable that 
the depth be uniform over the entire 
pond. Deep pockets tend to retard 
mixing. 


Shape 


The shape of a pond is probably 
of little importance except that coves, 
peninsulas, and islands should be 
avoided. Such irregularities provide 
a place for any surface scum of float- 
ing material to accumulate. The flow 
pattern and currents are much less 
affected by shape and ratio of length 
to width than they are by wind action 
and temperature. Non-overflowing 
ponds must, of course, depend entirely 
upon wind action and convection cur- 
rents for effective mixing of the con- 
tents. That such mixing does occur, 
is evidenced by the uniformity of 
analytical results on samples collected 
at various points throughout the ponds 
during this study. 


Inlet Structure 


Inlets to raw sewage stabilization 
ponds should be sufficiently far from 
the shore to insure that wind action 
will contribute to the dispersion of in- 
coming solids. Most inlet pipes in the 
Dakotas are laid on the bottom of the 
pond. In some instances, the inlet 
pipe terminates in an elbow discharg- 
ing upward. Insofar as can be deter- 
mined, this holds no particular ad- 
vantage over the horizontal discharge, 
as mixing appears to be the same in 
either case. 
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Multiple inlets would normally be 
considered necessary where large vol- 
umes of raw sewage are to be handled 
by a single pond. Apparently this is 
not necessarily so, as observations on 
the pond at Jamestown, N. Dak. (not 
included in this original survey), hav- 
ing an area of 135 acres and receiving 
the sewage from 12,000 persons, have 
shown no evidence of solids concentra- 
tion around its single center inlet. In 
areas less affected by wind, however, 
multiple inlets might well be desir- 
able. 


Overflow Structure 


Installations observed to date have 
overflow structures ranging from no 
outlet to elaborate dual _ spillway- 
drawdown structures. Other types in- 
clude valved drain lines, weirs within 
an outlet manhole, and pipe overflows 
set at a permanent level. The weir- 
manhole structure appears to be very 
satisfactory, especially for areas sub- 
ject to severe winter temperatures. 
This device is not subject to clogging 
by floating objects or ice, and can be 
designed to maintain flexible draw- 
down levels. 


Winter-Spring Transition Period 


From the observations of the stabi- 
lization ponds in the Dakotas, it was 
apparent that from the standpoint of 
odor production the most critical pe- 
riod was during the transition from 
ice cover to open water. As previously 
stated, the pond contents under ice 
are anaerobic, but the complete cover- 
ing of ice, except for a very small area 
immediately over the inlet, prevents 
the liberation of any resulting odors. 

To observe the phenomena involved 
at this important period, limited ob- 
servations were conducted by USPHS 
personnel in the spring of 1955 and 
more extensive ones were repeated in 
the spring of 1956. Six installations 
in North Dakota were inspected rou- 
tinely from late winter until aerobic 
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conditions were re-established in the 
spring. These six ponds served pop- 
ulations ranging from 250 to 1,500, 
with water surfaces varying from 3 to 
18 acres. Maximum ice thickness dur- 
ing the winter varied from 33 to 41.5 
in.; the total pond depths, including 
ice, ranged from 3.5 to 8 ft. Esti- 
mated loadings ranged from a maxi- 
mum of 190 persons per acre to less 
than 40 per acre. 

In 1956, recovery, as observed at 
these installations, was much slower 
than previously experienced, requir- 
ing an average of 32 days after the 
first open water for the re-establish- 
ment of permanent aerobic conditions. 
It is believed that this recovery was 
retarded by the type of seasonal 
break-up. April and May were char- 
acterized by unseasonably low tem- 
peratures, which resulted in a slow 
melting of the winter ice and frequent 
refreezing of the open water areas, 
thereby retarding the rapid develop- 
ment of a favorable environment for 
algal growth. It should be noted that 
although some odors were noticeable 
during this transition period they were 
not of sufficient magnitude to result 
in complaints being filed with the re- 
spective state health departments. 

During some of the earlier studies 
by state personnel, it was believed that 
thawing of the ice resulted in dilution 
of the pond contents and the admix- 
ture of reaerated water to the point 
that aerobic conditions would be estab- 
lished without photosynthesis. From 
the current observations, it is evident 
that the ice-melt provides a sizeable 
quantity of dilution water. Such di- 
lution was observed to decrease chlo- 
ride concentration by 87 per cent and 
B.0.D. concentration by 93 per cent in 
a non-overflowing pond. However, it 
is quite apparent that photosynthesis 
is essential to establish and maintain 
aerobic conditions within the pond 
liquid. It also was observed that shal- 
lower ponds recovered much more 
rapidly. 
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Temperature 


Previous reference has been made to 
the relationship of temperature to the 
many other factors affecting the proc- 
ess in stabilization ponds. It also 


should be pointed out that the con- 
centrations of algae were considerably 
less during the summer survey, the 
period of maximum temperature, than 
during either the spring or fall studies. 


Multiple-Cell Ponds 


It was not possible to carry out 
observations during these studies 
which would indicate the effectiveness 
of multiple cells as opposed to single- 
cell ponds. At Maddock, where the 
facility consists of three cells, the first 
alone is loaded at a rate comparable 
to that of other single-cell installa- 
tions. The primary purpose of the 
multiple cells at Maddock is to pro- 
vide sufficient area to prevent overflow. 
Therefore, the observations on the No. 
2 and No. 3 cells indicate the degree of 
purification that can be obtained with 
such additional treatment. 

With multiple cells there are two 
possible methods of operation ; namely, 
parallel and series. Parallel operation 
will result in equal loading of both 
suspended and dissolved organic mat- 
ter to each unit. This reduction in 
surface area per pond will help in 
reducing the wave action and bank 
erosion, and may also offer some flexi- 
bility in operation. 

The operation of the different cells 
in series, however, will result in prac- 
tically all of the settleable solids being 
removed in the primary pond, which 
may overload it to the point that 
aerobic conditions cannot be main- 
tained. This type of operation may 
result also in a longer spring recovery 
for the primary cells, as well as in- 
creasing the possibility of odor pro- 
duction during the other seasons. For 
ponds receiving settled sewage, the 
same design criteria may not apply. 
Additional study in this area is re- 
quired. 
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General Considerations 


The foregoing discussion has related 
primarily to those factors affecting the 
pond stabilization process. Many 
other factors, however, have an im- 
portant bearing on the use and struc- 
tural life of these facilities. Soil 
permeability; compaction of soil in 
embankments; top width, side slopes, 
and free board of dikes; ease of bank 
maintenance and weed control; fenc- 
ing; direction of prevailing winds; 
distances to habitation; and the loca- 
tion and geology of ground water 
formations, all require careful engi- 
neering evaluation. Most of the states 
in the Missouri River basin have de- 
veloped suggested design criteria to 
serve as guides to design engineers. 
The South Dakota State Health De- 
partment, in particular, has prepared 
such a publication (29), which is rec- 
ommended to those desiring additional 
information concerning design eri- 
teria. 


Cost 


This discussion would not be com- 
plete without making reference to con- 
struction costs. Prior to the use of 
stabilization ponds as an _ accepted 
method of sewage treatment, the cost 
of providing both sewers and treat- 
ment works was beyond the reach of 
most small communities in the area. 
The advent of stabilization ponds, how- 
ever, placed water-carried sewerage, 
including treatment, within the eco- 
nomic reach of these communities. 
Cost data for 49 Dakota ponds show 
that per capita expenditures range 
from $4.40 to $37.94, with an average 
of $14.84. These costs do not inelude 
pumping stations where such are re- 
quired. 


Summary 


Design and operation requirements 
are given for stabilization ponds in 
the Northern Plains area, where the 
purpose is primarily that of sewage 
treatment, and where climatic condi- 
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tions are characterized by extreme 
variations. 

To obtain a more rational approach 
to the design, operation, and main- 
tenance of this type of sewage treat- 
ment facility, North and South Da- 
kota, in cooperation with the USPHS, 
conducted seasonal field studies at five 
representative ponds in those two 
states. The efficiency of treatment ob- 
tained by these facilities was found 
to be very high during all seasons of 
the year. 

The use of stabilization ponds as 
an acceptable method for treating raw 
sewage is now recognized by the states 
in the Missouri River basin. 


Conclusions 


Raw sewage stabilization ponds have 
proved to be a practical minimum cost 
method of raw sewage treatment in the 
Northern Plains region of the United 
States. Even while in the trial-and- 
error stage of design, they have in- 
creased in popularity at a phenomenal 
rate. 

Further research is justified to bet- 
ter define some of the controlling fac- 
tors that will govern the efficiency of 
the natural purification processes un- 
der different climatic conditions. The 
USPHS, in cooperation with state 
agencies in Missouri and Ohio, are now 
preparing to start controlled studies 
at two experimental facilities in those 
two states. These facilities will per- 
mit studies of several basic factors un- 
der controlled conditions not possible 
in the Dakotas. 

The USPHS is presently working 
with Texas in evaluating and analyz- 
ing the design and operating data on 
some 200 stabilization ponds in that 
state. Other states and federal agen- 
cies are also supplying data and in- 
formation from widely scattered cli- 
matic and geographic areas, all of 
which is adding to the store of knowl- 
edge on the subject. An analysis of 
these actual operating experiences, to- 
gether with research, will go a long 
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way toward supplying practical an- 
swers to the applicability of waste 
stabilization ponds in different locali- 
ties. 
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AEC Standards for Radiation Protection Available 


The Atomic Energy Commission has issued revised regulations establishing standards 
for the protection of atomie energy workers, as well as the public, against radiation 
hazards arising from activities licensed by the Commission. 

Standards are set up in the regulation for the handling of all radioactive materials 
Limits are prescribed governing exposure of workers 
to external radiation, concentrations of radioactive material which may be discharged 
into air and water, and disposal of radioactive wastes. 
lation is to assure that exposures to radiation from licensed material, when added to 
exposures from unlicensed radiation, such as X-ray and radium, do not exceed the per- 


One of the purposes of the regu- 


Copies of the regulation—l0CFR, Part 20, “Standards for Protection Against 
. §. Atomie Energy Commission, Washington 
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ADSORPTION OF RADIOACTIVE RUBIDIUM ON 
TRICKLING FILTERS 


By Eric B. Fowuer, E. Ropert BAUMANN, AND HoMER AMBROSE, JR. 


Respectively, Associate Professor of Sanitary Bacteriology, Associate Professor of Civil 
(Sanitary) Engineering, and Graduate Student * in Civil Engineering, Engineering 
Experiment Station and The Industrial Science Research Institute, 

Iowa State College, Ames, Iowa 


In the course of a study of detention 
times in primary clarifiers (1), it was 
fortuitous to investigate the passage 
of radioactive material through a 
trickling filter under conditions of 
full-scale plant operation. 

Truesdale (2) has described two ex- 
periments with pilot-plant percolat- 
ing filters to which was added sewage 
containing about 20ue. of rubidium**. 
He observed that if a filter had been 
previously used to the extent that a 
‘*film’’ had developed on the filtering 
medium, some of the radioactivity was 
retained by the medium and was still 
present in the effluent 54 hr. later. 

Newell et al. (3) have reported on 
the removal of plutonium from laun- 
dry wastes in pilot-plant trickling fil- 
ters. They observed a plutonium re- 
moval of as much as 94 per cent in 
some instances. It is not known 
whether the observed removal is ir- 
reversible. 

Retention of radioisotopes on filters 
may be of importance in treating 
wastes contaminated with a radioiso- 
tope. An irreversible adsorption would 
prove of value in the treatment of such 
wastes. This paper reports on the re- 
sults of a full-scale plant study of the 
passage of rubidium” through a trick- 
ling filter. 


Technique 
The isotope used in this study and 


the method of dosage of the primary 
clarifiers has been outlined in another 


* Present address: U. S. Army Corps of 
Engineers, Ft. Belvoir, Va. 


paper (1). Essentially, 4 me. of rubi- 
dium*® were added to the primary 
clarifiers when the sewage flow was 
constant at 2.60 m.g.d. 

Fluorescein dye was used to deter- 
mine the flow time through the trick- 
ling filter. The time required for the 
dye to pass from the distributor head- 
box through the filter bed was 4 min.; 
hence influent and effluent samples 
were taken 4 min. apart to insure 
replication. 

Samples were collected from the dis- 
tributor headbox immediately before 
the sewage entered the distributor 
arms and from the effluent of the 
trickling filter. Aliquot portions of 
200 ml. each were evaporated to dry- 
ness in aluminum pans and counted 
with a GM tube.t A sufficient num- 
ber of counts per sample was made to 
insure an error no greater than 5 per 
cent. All counts are reported as counts 
per minute (¢.p.m.). 


Results 


The data presented in Figure 1 
indicate the radioactivities encoun- 
tered in the influent and effluent of the 
trickling filter. The radioactivity in 
the effluent decreased 91 per cent in 
30 min. Also of interest is the tailing 
of the effluent curve over a period of 
about 37 hr. The results suggest ad- 
sorption, which may take place in the 
zoogleal mass on the filter rock, fol- 
lowed by slow leaching. 


t Nuclear Instruments Corp., Model D-50. 
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FIGURE 1.—Concentration of rubidium” in the influent and effluent from a trickling filter. 


The zoogleal mass was sampled at 
the surface and 1 ft. below the sur- 
face by removing the associated filter 
rock, washing the zoogleal mass from 
the rocks, extracting the rubidium 
with hydrochloric acid, and counting 
the radioactivity as previously de- 
scribed. Counts are reported in Table 


TABLE I.—Radioactivity Associated with 
Zoogleal Mass in a Trickling Filter 


Radioactivity* (¢.p.m.) 
Depth 
(ft.) 


Total Background Corrected 


38 27 11 
155 27 128 


* Radioactivity determined on 200 ml. of 
hydrochloric acid extract from a 10-g. sample 
of dry zoogleal mass. 


I on the dry weight basis of the 
zoogleal mass at the two levels in the 
filter. 

Representative samples of the 
washed filter rock were also surveyed 
for adsorbed radioactivity. Very little 
radioactivity was found associated 
with the limestone as shown in Table 
IT. 


TABLE II.—Radioactivity Associated with 
Limestone Filter Media 


Radioactivity* (c.p.m.) 


Corrected 


Total | Background 


29 27 2 
30 27 3 


* Radioactivity determined on five, replicate, 
1-g. samples of washed dry rock. 
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Conclusions 


Samples of trickling filter influent 
and effluent containing rubidium 
were taken at intervals of time up to 
22 hr. (influent) and 60 hr. (effluent) 
after the introduction of the radioiso- 
tope, and the associated radioactivity 
was determined. The results indicate 
an adsorption of the radioisotope 
within the filter bed and a slow leach- 
ing over a period of about 37 hr. after 
dosage. The adsorbed radioactivity 
was associated with the zoogleal mass 
growing on the filter rock. More 
radioactivity was adsorbed at the 1-ft. 
level than at the surface of the filter. 
The filter rock showed a small amount 
of adsorbed radioactivity. The results 
support the observations of Newell et 
al. (3) and the suggestion of Trues- 
dale (2) that filter film may be im- 
portant in removal of a radioisotope 
from waste. In the ease of rubidium, 
the adsorption is not irreversible. 
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OPERATION EXPERIENCE WITH ACTIVATED 


SLU DGE—BIOSORPTION * AT AUSTIN, 


The chief value of any discussion on 
plant operating experiences lies in its 
use for comparison with experiences at 
other similar plants. In order to make 
comparisons, however, it must be 
known if the plants are similar and if 
the sewages to be treated are compar- 
able. Or, the points of similarity in 
the plant designs must be known, as 
well as in what respects the character- 
istics of the sewages differ or are simi- 
lar. Therefore, this discussion is pref- 
aced with a brief description of the 
Austin, Texas, sewage treatment plant 
and the sewage of that city. 

Austin’s conventional activated 
sludge plant was constructed during 
1935 and 1936. Actual operation was 
started in May, 1937. The plant was 
designed to give complete treatment to 
an average daily raw sewage flow of 
6.0 m.g.d. The design was based on 
the best data then available and in- 
cluded provisions for returning the ex- 
cess sludge to the primary clarifier and 
the digester supernatant to the aera- 
tion tanks, The complete plant layout, 
particularly the piping, was designed 
for maximum flexibility. 

The principal units included a me- 
chanically cleaned bar screen, a grit 
removal unit, a 397,440-gal. circular 
primary clarifier with center feed, two 
945,000-gal. rectangular aeration tanks 
with two passes each and spiral-flow 
aeration using fixed diffuser plates, a 


* Biosorption is a registered trade mark of 
Infileo Ine. 

t Presented at 29th Annual Meeting, Federa- 
tion of Sewage and Industrial Wastes Assns.; 
Los Angeles, Calif.; Oct. 8-11, 1956. 
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140,625-gal. sludge reaeration tank, 
and two 397,440-gal. circular final 
clarifiers with center feed. Provision 
was also included for two-stage diges- 
tion in two 43,144-cu. ft. primary di- 
gesters, heated, with stirring mecha- 
nism and two 84,667-cu. ft. secondary 
digesters, unheated, with floating 
covers but no stirring. Sludge was 
dried on 32 beds, each of 1,875 sq. ft. 
Venturi-type meters were installed on 
all liquid flow lines, and orifice-type 
meters on all air lines. Positive dis- 
placement blowers were provided as 
follows: one of 1,000-c.f.m. capacity, 
two of 1,500-c.f.m. capacity, and one of 
2,000-c.f£.m. capacity. In addition to 
auxiliary equipment such as pumps, 
air filters, etc., there was a_ well- 
equipped laboratory and office. 

Figure 1 is a flow diagram showing 


the designer’s contemplated liquid 
flows through the plant. It will be 


noted that the location of the sludge 
reaeration tank permitted it to be used 
or by-passed, as desired, and that the 
location of the primary clarifier per- 
mitted it to be used or by-passed, or 
the primary effluent could be wasted, 
as desired. 


Character of Sewage 


Austin always has been a city of 
many schools, state and federal offices. 
These activities have so overshadowed 
industrial activity that the city usually 
is thought of as being residential in 
nature. However, Austin has several 
eotton oil mills, a number of large 
poultry processing plants, several large 
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milk plants, a large chili canning 
plant, a large municipally owned and 
operated abattoir, and other food proc- 
cessing plants. The wastes from some 
of these plants have been studied and 
it is known that they are high in 
B.0O.D. and some of them are high in 
grease and fats. 

Because the wastes from these plants 
are discharged into the sanitary sewers 
without pretreatment, the sewage is 
normally quite strong and often may 
be very high in grease content. For 
example, the treatment plant receives 
all the paunch contents, blood, and 
much of the waste grease from the 
abattoir; after clean-up time at the 
abattoir it is normal for the sewage to 
run ‘‘red’’ at the treatment plant. 


TABLE I.—Annual Average B.O.D. Values 


B.O.D., (p.p.m.) 


} Raw Primary Final 
| Sewage | Effluent Effluent 

1938 | 404 234 | 438 

1939 | 335 | 183 | = 24 

1940 | 308 | 172 | 18" 

1941 244 | 131 16" 

1943 | 267 | 131 188 

1944 283 | 144 } 

1945 | 280 154 | 278 

1946 | 218 134 76> 

1947 | 226 144 | 61° 

1948 | 267 178 | 26° 

1949 | 278 180 218 

1950 215 154 | 208 

1951 | 232 167 | 20 

1953 | 257 161 21° 

1954 | 281 | 284 

1955 | 30 | — 


* Sludge bulking partially controlled by by- 
passing some primary effluent during 1938-50 
inclusive. 

> Plant operated on plain aeration during 
parts of 1946 and 1947. 

° Approximately 70 per cent of flow treated 
by Biosorption after temporary conversion of 
part of plant in May, 1951. 

4 Entire plant operated on Biosorption since 
March, 1954; no primary treatment used since 
that date. Entire flow has been treated, but 
no sludge bulking has been experienced. 
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Within the last few years there have 
been B.O.D.’s on 24-hr. composite raw 
sewage samples in excess of 500 p.p.m. 
and B.O.D.’s on grab samples in excess 
of 900 p.p.m. Grease has frequently 
been in excess of 100 p.p.m. Table I 
gives annual average B.O.D. values 
since the treatment plant was started. 

Austin is also the home of several 
small chemical plants, which occasion- 
ally discharge toxic wastes into the 
sanitary sewers. Usually these wastes 
appear in slugs, which makes them dif- 
ficult to trace and their identification 
a headache. 


Return of Excess Activated Sludge 
to Primary Clarifier 


Numerous attempts were made to re- 
turn the excess activated sludge to the 
primary clarifier for concentration 
with the raw or primary sludge before 
pumping to the digesters. The results 
were always unsatisfactory. The sol- 
ids content of the settled sludge would 
always decrease from a normal of 5.0 
to 6.0 per cent in the raw sludge to 
1.5 to 2.0 per cent in the mixed sludge. 
Therefore, the resulting total sludge 
volume remained about the same and 
nothing was gained except the unwel- 
come possibility of having the primary 
elarifier contents turn septic. 


Return of Digester Supernatant 
or Overflow 


During the early years of plant op- 
eration a number of attempts were 
made to return the digester superna- 
tant to the primary clarifier. This al- 
ways caused severe septic conditions 
and had to be discontinued. Attempts 
also were made to introduce the super- 
natant liquor into the primary effluent 
ahead of the aeration tanks. This cre- 
ated an extra oxygen demand and re- 
sulted in poor oxidation. 

In 1938 the piping was arranged to 
permit return of the digester super- 
natant to the sludge preaeration or re- 
aeration tank. An attempt was then 
made to preaerate the supernatant and 
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the return sludge together, before dis- 
charging them into the inlet end of the 
aeration tanks. This met with some 
success, but the results were frequently 
poor and the method of treatment was 
discontinued. 

In 1948 another attempt to return 
the supernatant was made by first pre- 
aerating it alone. This time the super- 
natant only was returned to the pre- 
aeration tank where it was preaerated 
and then permitted to flow into the 
inlet end of the aeration tanks to join 
the primary effluent and the return 
sludge. The long retention time thus 
available in the preaeration tank per- 
mitted conversion of the liquor from 
anaerobie to aerobic conditions before 
discharge into the aeration tanks. 
This not only proved to be a successful 
method for disposal of the liquor, but 
the highly aerated liquor also actually 
improved the settling characteristic of 
the activated sludge. 


Sludge Bulking 


Perhaps because of the character of 
the sewage, or maybe for other reasons, 
Austin’s sewage was always difficult to 
treat by the conventional activated 
sludge method. Of the problems en- 
countered, sludge bulking was the most 
troublesome. Review of the monthly 
and annual reports shows that this was 
a problem from the beginning of plant 
operation. As early as 1938 it became 
the practice to try to control bulking 
by by-passing some of the primary ef- 
fluent. It is estimated that during the 
years the plant was operated on con- 
ventional activated sludge, the sludge 
bulked about 10 per cent of the time 
even though some primary effluent was 
by-passed at critical times. Tables IT, 
III, and IV give statistical data for 
typical years of conventional opera- 
tion. 

Just what caused the Austin plant 
sludge to bulk so badly is not known. 
All the known theories for controlling 
it were tried without success. It is be- 
lieved now that the chief cause was 
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probably overaeration due to excessive 
retention in the aeration tanks. What- 
ever the cause, plant operation became 
so unsatisfactory that in late 1946 op- 
eration by the activated sludge method 
was discontinued in favor of plain 
aeration. 

The practice of plain aeration was 
continued until late 1947 when it be- 
came apparent that not only was a 
better treatment needed but also the 
plant needed to be expanded. Since 
the experience with activated sludge 
had been rather poor, there was natu- 
rally the question whether or not a 
change should be made to some other 
method of treatment. It was decided 
to give the activated sludge method 
one more chance and try to determine 
just what the plant would and could 
do. Operation on conventional acti- 
vated sludge was started again in De- 
cember, 1947. Because the raw sewage 
flow now definitely exceeded the plant 
capacity, a weir was installed in the 
primary by-pass flume to enable meas- 
urement of any primary effluent by- 
passed; then the secondary treatment 
was loaded with everything it would 
take. 

It was found that by completely 
loading the aeration tanks and the 
final clarifiers, the 6.0-m.¢.d. design ea- 
pacity of the plant could be exceeded 
by 1.5 m.g.d. with only infrequent 
sludge bulking. However, it must be 
admitted that in accomplishing this 
some primary effluent was by-passed 
during peak flows and peak loads so 
that the peak flows and loads through 
the secondary treatment did not repre- 
sent normal conventional operation. 

From late 1947 through most of 1949 
the plant was operated more or less on 
an experimental basis. Intensive plant 
and laboratory studies were made in 
an effort to improve the plant opera- 
tion. From one of these studies, on 


the behavior and characteristic of the 
mixed liquor as it flows through an 
aeration tank, it was learned that after 
the return sludge has been mixed and 
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aerated with the sewage (raw or set- 
tled) from 15 to 30 min., the resulting 
mixed liquor has the best settling char- 
acteristic and the quality of the super- 
natant is as good as or better than that 
obtained at the end of conventional 
aeration practice. This discovery led 
directly to the Biosorption concept and 
the Biosorption pilot-plant operation 
deseribed earlier in THis JOURNAL.* 


Description of Biosorption Plant 


The Biosorption concept is based on 
the high absorptive capacity of acti- 
vated sludge. It contemplates the sep- 
aration of the absorption stage from 
the oxidation stage in the activated 
sludge process in order to achieve bet- 
ter plant control and, hence, improve 
purification. Briefly, the principle is 
to mix activated sludge with sewage or 
other waste for a short period (from 
15 to 30 min.), settle the resulting 
mixed liquor, discharge the overflow 
from the settling tank as the final ef- 
fluent, return the settled sludge to the 
aeration tank for stabilization and re- 
activation, and thus make it available 
as activated sludge to be mixed again 
with sewage. 

The good results obtained from the 
operation of the pilot plant led to con- 
version of one-half of the large plant 
to Biosorption on a temporary basis. 
This plant-seale test also gave excellent 
results and led to conversion and en- 
largement of the entire plant to the 
new process. The enlarged and con- 
verted plant was placed in permanent 
operation on March 28, 1954. 

To use the original plant units to 
the best advantage after conversion, 
the original primary clarifier was con- 
verted to a final clarifier to operate in 
parallel with the two original clari- 
fiers. One of the aeration tanks was 
then converted to operate with these 
three clarifiers as a Biosorption plant 
unit. Two additional larger clarifiers 
were constructed to operate with the 
second aeration tank as another such 


* Vol. 23, 10, 1248 (Oct., 1951). 
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plant unit. The principal units in- 
stalled during the plant expansion and 
conversion included a blower building 
to house additional blowers, sludge 
pumps, ete.; a mechanically-cleaned 
bar screen to operate in parallel with 
the original bar screen; a grit removal 
unit to operate in parallel with the 
original grit removal unit; two final 
sedimentation tanks (clarifiers), 85-ft. 
diameter by 10-ft. side water depth; 
and two 4,650-c.f.m. positive displace- 
ment blowers. Auxiliary equipment 
also included new pumping units for 
scum, return sludge, and_ excess 
sludge; new air filters; meters on all 
new air and liquid lines; skimmers on 
all final clarifiers (no primary clari- 
fiers are now used) ; ete. 

Expansion and conversion of the 
plant has increased the capacity from 
6.0 m.g.d. average flow when operating 
on the conventional activated sludge 
process to 14.0 to 16.0 m.g.d. average 
flow when operating as a Biosorption 
plant. This increase in capacity has 
been obtained without the addition of 
any aeration tank capacity and by 
eliminating the need for the primary 
clarifier, thus making it available for 
use as a final clarifier. 

Figure 2 shows a flow diagram of 
the plant after expansion and conver- 
sion. The plant is divided into units 
A and B, and operated as two sepa- 
rate plants, the raw sewage being di- 
vided between the two plant units. 
Plant A consists of one aeration tank 
and the old clarifiers; plant B consists 
of the other aeration tank and the new 
clarifiers. 


Operating Experiences with 
Biosorption 


The results obtained since conver- 
sion of the entire plant to Biosorption 
have been satisfactory, particularly be- 
cause the sewage was always difficult 
to treat by the conventional activated 
sludge method. It also is gratifying 
that the process worked well on a pilot 
seale during 1950 when the raw sewage 
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B.O.D. values were low; that it worked over-aeration does cause carryover into 
well (see Tables V and VI) during a_ the final effluent of some highly oxi- 
plant-scale test during 1951, 1952 and_ dized light sludge which, however, does 
1953 when the raw sewage B.O.D. not materially add to the final effluent 
values had increased; and that it has B.O.D. value or suspended solids con- 
worked well (see Tables VII and VIII) tent. Under-aeration lowers the de- 
since 1954, when the entire plant was gree of purification, but even when the 
converted, and during which period under-aeration is extreme for a period 
the strength of the sewage has been (to the point of septicity) the plant 
exceptionally high. It will be noted recovers quickly when proper aeration 
from the data given in the tables that is resumed. 

the degree of purification has been Second to the absence of sludge bulk- 
good. It should be stressed that the ing is the fact that the all-around con- 
results given were obtained without trol of the plant is easier and simpler 
the necessity of by-passing any of the than was the ease with conventional 
sewage. No sewage from any part of activated sludge. Shock loads are ab- 
the plant has been by-passed since the  gorbed 
entire plant was placed in operation 
on the Biosorption process. 

Probably the most outstanding fea- 
ture in Austin’s experience with the 
new plant operation is the fact that 
there has been no sludge bulking and 
in no way has bulking been a problem. 
The plant has been operated under 
widely varying conditions of loading, 
air use, return sludge rates, ete. 

It has been able to adjust itself Tease content in the raw sewage. 
remarkably well to conditions which This has not been particularly trouble- 
would have completely upset conven- Some except during a few short periods 
tional activated sludge operation, a When toxic chemical wastes were re- 
slight degree of over-aeration being ceived at the same time that the grease 
barely noticeable. A high degree of content was unusually high. During 


more easily; slugs of toxic 
wastes may lower the efficiency, but 
are not so likely to cause complete 
upset. Also, other factors are not so 
eritical. 

In this connection it should be men- 
tioned that formation of a greasy foam 
(as distinguished from froth) has been 
experienced on the aeration tanks 
during periods of exceptionally high 


TABLE VIII.—1955 Monthly Averages for Plant A of Full-Plant Biosorption Operation 


B.O.D Suspended Solids (p.p.m.) D.O 

Month | Sludge | Final 

1955) Index Effi 
ul.) Raw Final 


Jan. | 6.323 | 45.5 | 1.72 | 330 | 21.5|93.2| 238 | 18.6| 92.1| 7,072 | 2,321] 122 | 0.8 
Feb. 8.686 | 33.4 1.36 | 280 | 20.7/| 92.5} 226 | 18.6| 91.7 | 7,284 | 1,698 113 0.6 
Mar. 8.257 | 35.0 1.40 267 | 16.5/ 93.8! 235 | 16.9 | 92.7) 8,018 | 1,894] 144 0.9 
Apr. 7.805 | 36.9 1.40 | 289 | 16.8] 94.2} 234 | 16.9| 92.8) 8,924 | 1,960 | 125 0.4 
May | 7.627 | 38.7 | 1.66 300 | 21.3 | 92.9) 221 | 18.2| 91.7) 7,266 | 1,698 98 | 0.2 
June 7.667 | 37.7 | 1.24 302 | 18.4) 93.7) 224 | 15.0) 93.0} 7,149 | 1,563 | 139 0.4 
July 7.558 | 39.2 1.61 331 | 18.8 | 94.3) 225 | 15.2 | 92.8) 6,050 | 1,377 | 113 0.8 
Aug. | 9.093 | 33.0 1.46 | 297 | 19.4/ 93.4] 218 | 19.0} 91.2| 5,723 | 1,692 | 145 0.6 
Sept. | 8.632 | 39.0 1.63 | 299 | 17.6| 94.1] 216 | 17.2| 92.2] 6,084 | 1,829} 114 0.9 
Oct. 7.224 | 49.8 1.85 | 301 | 21.4| 92.8] 212 | 18.8| 91.0} 5,223 | 1,836} 104 1.1 
Nov. | 6.655 | 54.5 2.02 | 354 | 22.9| 93.4} 232 | 18.3| 92.2] 6,930 | 2,432 85 1.0 
Dec. | 7.829 | 53.3 | 1.74 | 338 | 25.3/92.3] 234 | 19.2| 91.9 6,903 | 2,458 81 0.8 
| | | 
Avg. | 7.696 | 41.33 | 1.59 | 307 | 20.0 93.4 226 /17.6| 92.1 | 6,885 | 1,896 | 115 
| | 
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such periods there was some solids flo- 
tation in the clarifiers, thus severely 
loading the skimming equipment. At 
no time, however, has this condition 
seriously affected plant efficiency. 
Recently it was suggested that it 
might be possible to eliminate the foam 
by lowering the upper limit of the sus- 
pended solids content of the return 
sludge so that the solids would not ex- 
ceed about 6,000 p.p.m. This method 
of operation has been used for about 
three months, during which period 
there has been little or no foam. Al- 
though the results to date are most en- 
couraging, it is realized that the grease 
content of the raw sewage may have 
deereased to values which would not 
normally cause foam. Additional ex- 
perience will be needed before positive 
proof can be established that thus 
limiting the suspended solids content 
of the return sludge will eliminate the 
foam during periods of high grease 
content. In the meantime, daily 
grease analyses are being made on 24- 
hr. composite raw sewage samples in 
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order to establish statistical data on 
the grease content. 


Conclusion 


The treatment of Austin, Texas, 
sewage in the conventional activated 
sludge plant was difficult to control. 
Sludge bulking was the most serious 
problem. No satisfactory solution was 
found during 12 years of operation. 
By-passing of some primary effluent 
during peak flows and peak loads 
helped to control the bulking, but even 
this failed to eliminate it at all times. 
It is now believed that over-aeration 
due to excessive retention periods in 
the aeration tanks contributed to the 
problem. 

Treatment of the sewage in the en- 
larged and remodeled plant using the 
Biosorption process has been most sat- 
isfactory. The plant has given good 
B.O.D. and suspended solids removals 
under widely varying conditions of 
loading and operation. No sludge 
bulking has been experienced, and con- 
trol has been easy and simple. 


Projects Approved Under P. L. 660 


To date grants totaling $3,883,535 have been made to 60 municipalities under 


the new Federal Water Pollution Control Act (P. L. 660). This law provides 
individual grants limited to $250,000 or 30 per cent of the total cost of the facili- 
ties, whichever is less, to help build sewage treatment works. The 60 cities and 
towns, ranging in population from 280 to 250,000, have added $11,871,000 of 
their own funds to bring the total estimated expenditures to almost $16,000,000. 

In order to be eligible for federal funds, a municipal water pollution control 
project must be part of a comprehensive control program developed by state and 
interstate water pollution control agencies, and be approved by the Public 
Health Service. 

The 60 communities receiving initial aid are listed in a Project Register, dated 
January 31, 1957. The Register lists the project costs, the grant, population, 
plant description and type of construction. It is anticipated that the Register 
will be issued monthly at first, and later quarterly or semi-annually, with monthly 
supplements. The Project Register may be obtained from the U. 8. Department 
of Health, Education and Welfare, Public Health Service, Water Supply and 
Water Pollution Control Program, Washington 25, D. C. 


Industrial Wastes 


COMBINED TREATMENT OF INDUSTRIAL AND 
MUNICIPAL WASTES—AN INDUSTRIAL 
VIEWPOINT * 


By J. F. Byrp 


The Procter and Gamble 

In recent years considerable atten- 
tion has been focused on the treatment 
of industrial wastes in municipal 
treatment plants. Many excellent pa- 
pers have been published on this topic 
concerning the effects of industrial 
wastes on the sewage plant, what in- 
dustrial wastes if any should be 
barred, and how should industry pay 
its fair share of the treatment 
Actually, the subject is no longer con- 
troversial. The areas of agreement 
between municipalities and industries 
are large and the areas of disagree- 
ment are almost nonexistent. Each 
recognizes its civic obligations and 
duties, and realizes the advantages as 
well as limitations of combined treat- 
ment. 

This paper will point up some ex- 
periences and views in the field of com- 
bined treatment of wastes which it is 
believed are rather typical of industry 
in general. 

First of all, what is the fundamental 
objective of any sewage treatment pro- 
gram? It is simply to preserve the 
quality of the receiving body of water, 
whether it be a lake, a stream, or the 
ocean. This quality must be defined 
at the outset, and it is generally de- 
termined by the use of the body of 
water that gives the most good to the 
~ * Presented at the 10th Annual Meeting, 
West Virginia Sewage and Industrial Wastes 
Assn.; Bluefield, W. Va.; Oct. 31—Nov. 2, 
1956. 
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greatest number of people. The de- 
gree of treatment is determined by 
the stream quality desired, taking into 
consideration such factors as the flow 
and condition of the stream. To treat 
beyond that required to maintain the 
desired stream conditions is wasteful 
and unnecessary. 

As a correlary to the primary objec- 
tive of maintaining stream quality, is 
the need to achieve this objective at 
minimum total cost to the community 
in general. In an industrial com- 
munity this total cost is defined as the 
expenditures by both industry and the 
municipality regardless of whether the 
treatment earried out in the mu- 
nicipal system, industrial treatment 
plants, or a combination. Therefore, 
it is the duty and objective of industry 
and the municipality to determine the 
combination of facilities which will 
give the required degree of treatment 
for the least total cost. 


is 


Cost Advantage 


With these objectives in mind, it can 
be seen that combined treatment offers 
some excellent advantages to the com- 
munity. It almost is axiomatic that 
one large treatment plant is cheaper 
to build and operate than many 
smaller ones. It may be of interest 
to review some actual costs involving 
a soap and edible fats processing 
plant located in a large city. The 
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municipality was about to launch a 
program of building sewage treatment 
plants. The factory had the follow- 
ing three courses of action depending 
on the policy of the city towards in- 
dustrial wastes: 


1. Complete treatment by the in- 
dustry for disposal to a_ receiving 
stream. 

2. Treatment to equal normal sew- 
age and then disposal to the city sewer 
system. 

4. Complete treatment by the city 
with only a minimum of pretreatment 
by the industry to remove deleterious 
material. 


A preliminary survey of the plant 
wastes revealed a total of 4.17 m.g.d., 
with a B.O.D. of 1,190 p.p.m. and a 
suspended solids content of 690 p.p.m. 
The design basis of the proposed new 
municipal plant was about 105 m.g.d. 
The total costs of treatment are tabu- 
lated in Table I. Note the combined 
treatment of industrial and sanitary 
wastes by the municipality involves a 


savings of $1,950,000 over separate 
treatment of the industrial waste. The 


municipal plant would cost only 
$310,000 more if designed to handle 
the industrial wastes. On the other 
hand, the industry saves more than 
$2,200,000 on a treatment plant for 
a net over-all gain to the community 
as a whole of $1,950,000. 

Naturally, the additional cost of the 
municipal treatment plant should be 
borne by the industry benefiting from 
its use. In addition to paying its just 
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share for the increased size of the 
municipal plant, the industry had to 
expend $540,000 for the following 
waste-handling facilities on its own 
premises : 

1. Interceptor sewer systems. 

2. Pretreatment facilities to remove 
wastes which might be deleterious to 
the municipal system. 

3. Treatment of wastes which can be 
done more economically at the factory 
than in the municipal treatment plant. 


It also is obvious that the yearly 
operating costs of administration, 
labor, and similar items for the munic- 
ipal plant would be increased by an 
increment equal to the proportion of 
industrial waste. A point to remember 
is that for fair distribution of costs, 
the industry should pay treatment 
charges based on the new average unit 
costs of waste treatment, rather than 
on the incremental unit costs. This 
usually will result in the rest of the 
community benefiting from inelusion 
of industrial wastes. 


Typical Analysis 


The following hypothetical example 
illustrates the trends usually found 
from such an analysis: 


Town X is building a sewage treat- 
ment plant to handle 1 m.g.d. of mu- 
nicipal sewage. Estimated costs of 
plant amortization and operation are 
$100 perday. Unit treatment costs per 
1,000 gal. are then $100/m.g.d. or $0.10 
per 1,000 gal. Industry A has an in- 
dustrial waste flow of 0.25 m.g.d.., 


Item 


Complete Treatment 


Partial Treatment 


Municipality | 


by Industry 
Industry 


Municipal treatment plant 
Industrial treatment plant 


Total 


Additional cost over combined treat- 
ment 


$13,700,000 
540,000 


$14,240,000 
(base) 


$13,390,000 
2,800,000 


$13,560,000 
1,600,000 
16,190,000 15,160,000 


$ 1,950,000 $ 920,000 


|| 
TABLE I.—Estimated Combined and Separate Treatment Costs 
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which it would like to discharge to the 
municipal plant. New cost estimates 
for a plant to handle the combined 
1.25 m.g.d. flow of municipal and in- 
dustrial wastes show that amortization 
and operating costs will be $110 per 
day for the larger flow. 

If Industry A were charged only 
for the incremental treatment 
they would pay $10/0.25 m.g.d. or 
$0.04 per 1,000 gal., with the rest of 
the community paying at the $0.10 
per 1,000-gal. rate. Obviously, the 
industry has benefited from the ex- 
istence of the treatment plant as much 
as anyone else, and should pay on the 
basis of the new average unit cost. 
This would be $110/1.25 m.g.d. or 
$0.088 per 1,000 gal. The rest of the 
community would pay at this same 
new average rate, and thus everybody, 
not just industry, would benefit from 
the economies of combined treatment. 


costs, 


Realistic Charges 


To properly achieve the desirable 
objective of obtaining the lowest over- 
all cost to the community as a whole, 
it is absolutely imperative that the 
charges levied by the municipality 
realistically reflect the actual unit 
costs for the elements involved in the 
charge. If this charge is not realistic, 
then one of the main advantages of 
combined treatment, that 
over-all costs, may suffer. 

For example, if the charge per 
pound for handling suspended solids 
is less than the actual cost for han- 
dling in a combined treatment plant, 
an industry might discharge certain 
solids to a combined system under the 
erroneous impression that they could 
be handled more cheaply in a com- 
bined plan than at the souree. Con- 
versely, if the charge were too high the 
industry might spend money unneces- 
sarily for solids removal at the source 
when, if the charge had been correct, 
it would show that the waste could be 
handled more economically at the com- 
bined treatment plant. 


is cheaper 
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The costs presented on an industrial 
waste treatment plant assume the con- 
ventional methods of biological treat- 
ment and the normal design param- 
eters. However, there is no actual 
proof that the industrial wastes from 
the soap and edible oils plant, which 
contain less than 1 per cent sanitary 
sewage, could be treated separately by 
conventional methods. Difficult prob- 
lems and greater expenditures could 
be encountered. On the other hand, 
combined treatment in the particular 
municipal plant under consideration 
would yield a mixture consisting of 
approximately two-thirds domestic 
wastes and one-third industrial wastes. 
Such dilution of industrial wastes 
with nitrogen- and phosphate-bearing 
domestic sewage greatly facilitates 
treatment. These mixtures can be and 
are successfully treated in many waste 
treatment plants as revealed by a re- 
cent survey. 


Typical Practices Survey 


To obtain information on the cur- 
rent practices in the municipal treat- 
ment of industrial wastes, a survey 
questionnaire was sent to 200 sewage 
treatment plants all over the United 
States. One hundred forms were re- 
turned and the data were assembled 
(1). All answering plants handled 
industrial wastes. 

Among the survey questions was a 
request for an estimate of the per- 
centages of flow, B.O.D., sus- 
pended solids contributed by indus- 
trial wastes. median treatment 
plant handled wastes consisting of in- 
dustrial loadings as follows: 

Per Cent 

25.5 
36.5 
32.5 


Item 


Flow 
B.O.D. 
Suspended solids 


These median values may seem high, 
but 16 per cent of the reporting plants 
received 50 per cent or more industrial 
waste flow, 35 per cent received 50 
per cent or greater industrial B.O.D., 
and 25 per cent received 50 per cent 


Me 
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or greater industrial suspended solids. 
A considerable percentage of the 
plants treat wastes which are predomi- 
nantly industrial. 

What effect did such large quanti- 
ties of industrial wastes have on the 
operation of the plant? A breakdown 
of the operating troubles encountered 
can be tabulated as follows: 

Plants 
Replying 
Problem (%*) 
No problems 39 
Flow tolerated at reduced efficiency 20 
Flow can be handled by special oper- 14 
ating techniques 
Flow can be handled by installation 29 
of proper equipment 
Problem cannot be solved at treat- 17 
ment plant 


*The percentages total more than 100 per 


cent because some plants indicated more than 
one possible solution to a problem. 


The next obvious question concerns 
the effect of these operating problems 
on the actual quality of the effluent 
from the treatment plants. 

Table Il (a) shows the performance 
of primary treatment plants handling 
industrial wastes (2). Generally, it 
will be noted that primary plants en- 
countering difficulties from industrial 
wastes appear to have higher B.O.D. 
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and suspended solids loadings than 
those plants which did not encounter 
operational problems. Actually, the 
percentage reductions are about the 
same, but the primary plants with 
difficulties are discharging higher 
B.O.D. and suspended solids concen- 
trations to the streams because the in- 
fluent loadings are also greater. 

Table II (6) summarizes the per- 
formance for secondary treatment 
plants. There are no clear-cut differ- 
ences in influent loadings, effluent load- 
ings, and removal efficiencies between 
plants experiencing operational diffi- 
culties and those not experiencing op- 
erational difficulties. The quality of 
the effluent from these plants is much 
the same regardless of the degree of 
difficulties encountered in treating in- 
dustrial wastes. In fact the B.O.D. 
and suspended solids concentration of 
the effluent from these secondary treat- 
ment plants handling industrial wastes 
are rather typical of any secondary 
treatment plant handling domestic 
wastes alone. 


Other Advantages 


Besides total cost reduction, com- 
bined treatment offers other advan- 
tages to both industry and the com- 


TABLE II.—Performances Versus Difficulties Due to Industrial Wastes 


(a) PRIMARY 


Influent (p.p.m.) | Effluent (p.p.m.) 
Difficulty 


| 
B.O.D. 


Suspended | 


Reduction (%) 


| 
Suspended 
B.O.D. | Slide 


| Suspended | 
B.0.D. |" golids | Solids 


Solids 


None 

Need proper equipment 
Revise operating methods 
Tolerable with less efficiency 
Not solvable 


184 

357 
243 «CO 
252 
307 | 


68 
63 
70 
61 
65 


418 
308 


| 41 
| 
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305 
365 
379 
270 
298 


None 
Need proper equipment 

Revise operating methods 
Tolerable with less efficiency 
Not solvable | 


2077 | 28 
445 | 45 
262 53 

258 30 | 
342 33 | 


| 
9 
| 
16 | 
26 9 | 91 
36 88 | 92 
27 86 | 90 
41 | 89 84 | 
21 | 89 | 
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munity in general. Well-trained, 
qualified and experienced operating 
and supervisory personnel run the 
municipal treatment plant. On the 
other hand, biological treatment plants 
are alien to the normal experience of 
most industries. The industries must 
train operators and foremen to handle 
the process. In the stress of trying to 
meet production schedules with lim- 
ited manpower in many cases, it is 
natural that the first process or opera- 
tion to be neglected would be the treat- 
ment plant. A large treatment plant 
is merely a side-line to the main effort 
of the industry. The quality of the 
effluent is certain to suffer from time 
to time under such conditions. 

Another favorable factor in com- 
bined treatment is that it facilitates 
the work of state and county pollution 
control agencies. Instead of receiving 
reports from and making checks on 
dozens of small, widely scattered treat- 
ment plants, these agencies work with 
a few large municipal plants. Con- 
sequently, the state agencies have bet- 
ter control over the quality of the 
streams. 


Industry’s Responsibilities 


The fact that 61 per cent of the re- 
spondees (1) reported varying degrees 
of difficulties from industrial wastes 
and that 17 per cent reported diffieul- 
ties not solvable at the treatment plant 
brings the next important requirement 
for successful treatment of combined 
wastes—a realization of the obligations 
and responsibilities on the part of in- 
dustry. A modern sewage treatment 
plant is an extremely flexible process 
but it cannot handle effectively the in- 
finite varieties of trade wastes. The 
industry, as well as the municipality, 
should be familiar with these capabili- 
ties and limitations in order to make 
combined treatment a success. 


Slugging 


Many industrial processes discharge 
wastes 


batchwise into the sewers. 


Bo 
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This slugging, as it is called, can lead 
to sudden changes in operating condi- 
tions and possibly a temporary over- 
loading of the sewage treatment plant. 
Such a situation can generally be 
avoided by the simple expedient by 
industry of providing surge capacity 
and slowly metering the wastes into 
the municipal system. Close liaison 
between the industry and the city en- 
gineers is required to determine what 
wastes should not be ‘‘slugged’’ into 
the system. 


Spills 


There is certainly no question about 
prohibitions on flammable or explosive 
materials. Seldom are such materials 
deliberately discharged to the sewer. 
In most instances such materials find 
their way to the public sewers due to 
unsatisfactory operation, spills, and 
leaks in equipment. Nevertheless, 
such accidents do not absolve the in- 
dustry from its responsibility. It is 
the obligation of those who use the 
sewers to take the positive approach 
and see that accidents do not endanger 
the sewers. This can be accomplished 
by such safety measures as alarms, 
gravity separation traps, the maintain- 
ing of valves to the sewers normally 
in the closed position, ete. 


pH 


A lower limit on the pH of wastes 
from the user’s premises is certainly 
a necessity. Acids can corrode con- 
erete sewers and even vitrified tile 
sewers before they are diluted to harm- 
less proportions. Large quantities can 
affect the pH at the treatment plant 


and inhibit biological processes. <Ac- 
eidental spills should be _ insured 
against. 


An upper limit on the pH of wastes 
discharged to the city sewers is not 
so clear-cut. Certainly the pH of the 
combined wastes entering the sewage 
treatment plant must be maintained 
within certain limits for optimum bio- 
logical activity. However, since basic 


Re & 
} 
oa 
ote 
x 
cg 


Vol. 29, No. 4 


constituents as such do not harm the 
sewer system, a prohibition on pH 
values higher than about 8.5 or 9.0 
is open to some discussion. Such in- 
flexible prohibitions can lead to in- 
equality. For example, a plant with 
a flow of 5 g.p.m. at a pH of 10 has 
far less effect on the over-all pH of the 
combined wastes than a plant with 
1,000 g.p.m. and the same pH. Yet, 
if a specific upper limit is set on the 
pH value of wastes admissible to the 
system, the two plants are considered 
alike. 

Admittedly, high pH wastes should 
be eliminated if a harmful reaction 
could take place in the sewers. How- 
ever, each case should be judged on 
its individual merits and this again 
points to the necessity of close and 
cordial relations between the munici- 
pality and the industry. Industry al- 
ways should be prepared to release 
information to the municipal engi- 
neers so that they can judge intelli- 
gently what wastes are permissible. 
Withholding’ information does not 
make for a good working relationship. 


Toxic Wastes 


Toxic materials should be banned if 
the concentrations in the sewage plant 
influent are sufficient to have deleteri- 
ous effects on the organisms in the 
plant. Again, the prohibitions should 
specify the limits which must be main- 
tained on the combined wastes at the 
municipal plant rather than at the 
point of discharge to the sewer system 
of each industrial waste. The effects 
of dilution are certainly as much a 
factor in sewer systems as in streams 
where flow has been classically one of 
the basic parameters in determining 
the degree of pretreatment to maintain 
stream quality. 


Solids 


Normally, suspended solids are not 
limited per se. The only ease where 
the ban is justifiable is for those solids 
which could settle out at normal sewer 
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velocities and clog the sewers. This 
criteria also can be applied to fats 
and oils (not mineral oils). If the 
fats or oils solidify and settle out at 
normal sewage temperatures and are 
discharged indiscriminately, obstructed 
lines can result. On the other hand, 
if all fat- or oil-bearing waters first 
are passed through fat traps which 
provide 20- to 30-min. detention time 
at average linear velocities of 0.5 
f.p.m., the chances of the remaining 
materials settling out and clogging 
sewer lines at velocities of 3 to 6 f.p.s. 
are extremely remote regardless of 
effluent analysis. 

It may be more desirable in many 
instances to require trapping facilities 
rather than to place quantitative 
limitations on grease, fats, and oils. 
Of course, large quantities of any fats 
or oils may tax the skimming facilities 
at the treatment plant and should be 
banned at the discretion of the munici- 
palities. Cooperative industrial and 
municipal effort to improve  skim- 
ming facilities might be the best an- 
swer. Definite quantitative limitations 
probably should be avoided since 
wastes in this category vary greatly. 
Industry must accept the responsibil- 
ity without the prompting of the 
municipality to remove those fats, oils, 
and other suspended solids which the 
industry knows from experience ean 
eause trouble in the sewer system. To 
discharge all wastes indiscriminately 
and let the municipal engineers find 
out the hard way what wastes should 
be banned, is contrary to the spirit 
of mutual cooperation that is so neces- 
sary to the treatment of combined 
wastes. 


B.0.D. 


Unless the municipal plant is over- 
loaded, there is seldom any necessity 
of placing an upper limit on the 
B.O.D. value of the industrial waste. 
Exceptions to this rule ean be found 


in special cases. A special case may 
involve an industry with large quan- 
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tities of dissolved B.O.D. If a munie- 
ipal plant consists only of primary 
treatment, the effluent of which is dis- 
charged to a small stream where the 
required quality is barely maintained, 
the dissolved B.O.D. will go straight 
through the treatment plant and pos- 
sibly adversely affect the desired 
stream quality. A _ limitation on 
B.O.D. is certainly justifiable in this 
case, Economics should decide whether 
the reduction in B.O.D. can _ be 
achieved best by the industry or by 
enlarging the municipal plant. 
Another instance of a possible limi- 
tation on the B.O.D. of an industrial 
waste is where sulfide generation in 
the sewers is a problem. Since sulfide 
generation is associated with B.O.D., 
among other things, numerical ceilings 
ean be justified. Again the industry 
may choose to pretreat with nitrates 
which, although not reducing the 


B.0.D., does eliminate sulfide genera- 
tion and is usually cheaper than build- 
ing a waste treatment plant. 


There are many other industrial 
wastes which can and do create prob- 
lems but which may not be explicitly 
barred from the municipal treatment 
plant by rules and regulations. For 
example, such suspended solids as 
feathers, lint, and pieces of filter cloth 
ean and do clog spray nozzles in the 
trickling filters and interfere with 
some types of automatic controls. In- 
dustry should feel obliged to remove 
these constituents on their own initia- 
tive without prompting from the 
municipality. This positive approach 
on the part of industry minimizes un- 
satisfactory operations in the munici- 
pal treatment plant and creates a bet- 
ter working ‘‘climate’’ between in- 
dustry and the municipal authorities. 

In this brief discussion on those in- 
dustrial wastes which should not be 
admitted to the municipal treatment 
plant, one point should be emphasized. 
Each case should be judged on its own 
merit, taking into consideration such 
factors as the dilution in the sewer 
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system, the type of sewage treatment 
plant, and the stream quality desired. 
Inflexible rules which give an absolute 
numerical criteria can work hardships 
on the users of the sewers without any 
benefit to the municipality. Also if 
rules are applied rigidly in all in- 
stances, absurd situations can arise. 
Generally, a minimum of definite pro- 
hibitions seems desirable, with 
discretionary given to the 
municipal authorities to meet any spe- 
cial situations. 


most 
powers 


Conclusion 


In the survey previously referred 
to (1), 40 per cent of the respondees 
maintained general prohibitions against 
explosive, toxic, or damaging ma- 
terials, generally at the discretion of 
the municipal sanitary engineer. Only 
11 per cent placed specific numerical 
limits on amounts or concentrations 
of particular materials acceptable to 
the municipal system. The remaining 
49 per cent indicated no limitations on 
industrial wastes. 

To summarize the obligations and 
responsibilities of the parties involved 
in combined treatment, the following 
points must be considered: 


1. Combined treatment does not ex- 
cuse industry from the activity of 
waste treatment. Any wastes which 
because of the amount or nature ecan- 
not be satisfactorily handled at the 
treatment plant should be reduced or 
eliminated by the industry. 

2. Industry must reduce or elimi- 
nate those contaminants where it can 
do so more economically than can be 
done at the combined treatment plant. 

3. Industry must be willing to ac- 
cept its obligations to pay a fair share 
of the cost of combined treatment. 

4. Industry should be willing to 
furnish the municipal engineer all 
necessary information on the nature 
of its waste so that impartial evalua- 
tion can be made of the effect of the 
waste on the sewage treatment plant. 
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The municipality has certain re- 
sponsibilities also. Chief among these 
is the obligation to treat all wastes 
which can be handled satisfactorily 
by the city with greater economy than 
could be done through partial or com- 
plete treatment by the contributing in- 
dustry. Going hand in glove with this 
obligation is the responsibility of the 
municipality to establish a fair system 
of charges. 

Probably the largest single factor in 
the successful treatment of combined 
wastes is an intangible factor—a 
cordial spirit of cooperation between 
the municipality and industry. Actu- 
ally, since the objectives are the same, 
the two are in reality partners. In- 
tangibles cannot be reduced to cold 
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statistics, but the feeling of mutual 
respect was quite evident in reviewing 
the questionnaires returned during the 
survey referred to previously (1). 
Satisfactory treatment of combined 
wastes has been and will continue to 
be a success only when the attitude 
of the two parties concerned is one of 
fairness. 
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COLORIMETRIC DETERMINATION OF TIN IN 
INDUSTRIAL WASTES AND RECEIVING 
WATERS * 


By WaLuAce W. SANDERSON AND ArTHUR M. HANSON 


Division of Laboratories and Research, New York State 
Department of Health, Albany, N. Y. 


Use of the dithiol method for the de- 
termination of tin in industrial wastes, 
as outlined by Sandell (1), disclosed 
severe limitations associated with vis- 
ual color comparisons and emphasized 
the need for a more satisfactory 
method. Sample volume is limited to 
10 ml. Both standards and unknowns 
must be compared by reflected light 
and because the color system is un- 
stable, differences in turbidities often 
develop between samples and stand- 
ards which further complicate visual 
color comparison. The purpose of this 
investigation was to adapt an accurate 
and sensitive procedure to the deter- 
mination of tin in plating wastes. 

Recently the use of dispersants to 
stabilize the tin-dithiol color complex 
permitted the usual absorptiometric 
technics to be used instead of visual 
estimation. A variety of dispersants 
have been reported. Farnsworth and 
Pekola (2) used Santomerse S; Ovens- 
ton and Kenyon (3) concluded that 
sodium lauryl sulfate is superior to 
Belloid T.D. and Teepol X. 


Experimental Procedures 
Colorimetric Methods 


Since sodium lauryl sulfate was 
readily available, it was substituted for 
Santomerse S in the procedure out- 
lined by Farnsworth and Pekola, with 
excellent results. A Beckman DU 

* Presented at Symposium on Analytical 
Methods for Water and Waste Water, Divi- 
sion of Water, Sewage, and Sanitation Chem- 
istry, Amer. Chem. Soc.; Atlantic City, N. J.; 
Sept. 16-21, 1956. 


spectrophotometer and 5-cm. cells were 
used to measure tin concentrations at 
a wave-length of 530 mp. A plot of 
concentration versus absorbence pro- 
duced a straight line in the range from 
0.02 to 0.18 mg. 

Teicher and Gordon (4) reported a 
spectrophotometrie method the 
0.05- to 0.7-mg. range. The color is 
developed with hemotoxylin at a, pH 
of 0.8. The maximum absorbence for 
0.7 mg. of tin is approximately 0.15, 
using 1.002-em. cells. If optical den- 
sities could be increased, more accurate 
measurements would be obtained with 
the spectrophotometer. An attempt 
was made, therefore, to measure tin 
concentrations with 5-em. cells. How- 
ever, the resulting concentration ver- 
sus absorbence curve was not repro- 
ducible. Plots of data taken on three 
different days using a fresh hemotoxy- 
lin solution each day gave three differ- 
ent curves. Inasmuch as the hemo- 
toxylin-tin color reaction was less sen- 
sitive and not as reproducible as the 
dithiol-tin reaction, all subsequent 
colorimetric measurements were made 
following the dithiol procedure. 


Isolation of Tin 


The dithiol color reaction is not spe- 
cific for tin. Bismuth, iron, copper, 
nickel, cobalt, silver, mereury, lead, 
cadmium, and arsenic are reported by 
Sandell (1) as interfering ions, and 
Johnson (5) lists antimony, molyb- 
denum, chromium, and nitrite. Two 
possible methods of isolation of tin 
from interfering ions are extraction 
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and distillation. Two different ex- 
traction schemes were _ investigated. 
The metal ions most commonly found 
in a metal-plating waste are chromium, 
copper, cadmium, zine, iron, nickel 
and tin. A_ satisfactory isolation 
should separate tin from these cations. 

According to Furman, Mason, and 
Pekola (6), stannie cupferrate is com- 
pletely extracted from 1.2 M hydro- 
chloric acid by ethyl acetate. Ferric 
iron, molybdenum, thorium, tungsten, 
and vanadium would, if present, also 
be extracted. Of these, only ferric 
iron would be expected to occur in 
plating wastes. Grimaldi (7) has 
shown that ferric iron can be extracted 
with ethyl acetate from a 6 M hydro- 
chlorie acid solution. An equal vol- 
ume of concentrated hydrochloric acid 
was added to a solution containing 0.10 
mg. of tin and 10 mg. each of copper, 
nickel, ferric iron, cadmium, zine, and 
hexavalent chromium. 

Ferric iron was extracted from the 
acidified solution with ethyl acetate. 
Evaporation of the acidified aqueous 
solution was earried to a volume of 5 
ml. Three to 5 ml. of Super-oxol 
(Merck) were added and the solution 
was again brought to a volume of 5 
ml. Then the constant boiling hydro- 
chlorie acid solution was diluted to 
produce a final concentration of 1.2 M. 
A freshly prepared cupferron solution 
containing 5 g. per 100 ml. of solution 
was added and the resulting precipi- 
tate was extracted with ethyl acetate. 
The ethyl acetate extracts were com- 
bined and evaporated with 5 ml. of 
6 M hydrochlorie acid and 5 ml. of 
5.4 M sulfurie acid. The ecupferron 
was destroyed by repeated applications 
of Super-oxol. Tin recoveries varied 
from 0 to 50 per cent. 

It was found that copper was at 
least partially precipitated by the eup- 
ferron and was extracted with ethyl 
acetate. Destruction of the cupferron 
with Super-oxol proved tedious and 
time-consuming. An additional ex- 
traction to remove copper would fur- 
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ther complicate and add to the time 
required to complete an analysis. 
Further investigation was not war- 
ranted. 

Feigel (8) developed a microtechnic 
for the detection of tin in alloys and 
in silk treated with tin salts. Prior to 
detection with morin, tin is extracted 
with benzene from minerals or alloys 
as the tetra-iodide. 

To determine whether or not this 
procedure would be applicable to the 
isolation of 0.10 mg. of tin, 5 ml. of a 
potassium iodide solution containing 5 
g. of potassium iodide in 100 ml. of dis- 
tilled water was added to a solution 
containing 10 ml. of concentrated hy- 
drochlorie acid and 0.10 mg. of tin. 
The solution was then extracted three 
times with benzene, and both the sol- 
vent and aqueous solution were evapo- 
rated with 5 ml. of 5.4 M sulfuric and 
10 ml. of concentrated hydrochloric 
acid. Super-oxol was used to destroy 
iodine. No color developed with di- 
thiol reagent in the benzene portion 
and the entire amount of tin was re- 
covered from the aqueous solution. 

Since stannic tetra-iodide is very 
soluble in water, it was thought that 
recoveries would be improved by elim- 
inating water from the system. A so- 
lution of 0.10 mg. of tin, together with 
10 mg. of copper, ferrie iron, nickel, 
cadmium, zinc, and hexavalent chro- 
mium was evaporated to incipient 
fumes of sulfurie acid, and potassium 
iodide was added as a solid. How- 
ever, recoveries from the benzene ex- 
tracts remained low and copper was 
extracted by the benzene. The proce- 
dure was not applicable to the quan- 
titative determination of 0.10 mg. of 
tin in the presence of 10-mg. quanti- 
ties of various cations. 

The distillation procedure of Baker, 
Miller, and Gibbs (9) isolates tin from 
all interfering ions except arsenic and 
antimony. Normally, these cations are 
not present in plating wastes. In the 
presence of arsenic and antimony the 
more detailed procedure of Farns- 


‘ 


424 


worth and Pekola (2) could be used. 
The method of Baker, Miller, and 
Gibbs was selected because of its sim- 
plicity and because no special equip- 
ment is required. Recoveries of tin 
from synthetic solutions and from a 
plating-waste sample are listed in 
Tables I and II. Table III gives the 
results of 10 replicate distillations, in- 
eluding the average recovery and 
standard deviation. The procedure 
used is outlined in the Appendix. 


Hydrolysis of Tin Salts 


In dilute solution tin salts hydrolyze 
readily. The standard tin solution 
containing 0.01 mg. of tin per milliliter 
deteriorated rapidly (Table IV). In 
4 hr. only about 10 per cent of the 
original concentration could be reeov- 
ered, and after 6 hr. there was no color 


TABLE I.—Recovery of Tin from Synthetic 
Solutions by Distillation* 


Tons in 


oluti Tin Added Tin Recovered 
Solution ( , 


my. 
mg.) 


* Method of Baker, Miller, and Gibbs; ref. 


9. 
; Agt, Fe**+, Nit+, 
Crttt, CN-, and (PO,)*. 
t Same as f plus F-. 


Cutt, Zn + + Cd**, 


TABLE II.—Recovery of Tin 
from Plating Waste* 


Tin Added (mg.) 


Tin Recovered (mg.) 


SEWAGE AND INDUSTRIAL WASTES 


*Sample No. 59, containing 0.18 
eyanide and 3.5 mg. of total chromium. 
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TABLE III.—Replicate Determinations 
of Tin in Synthetic Solution* 


Tin Recoveredt (mg.) 


0.094 
0.094 
0.102 
0.098 
0.100 | 


* Solution contained 10.0 mg. each of Ag, F, 
Zn, Cu, (PO,)™, Ni, Cr*+++, Cd, Fet+** and 0.10 
mg. of tin. 
7 Standard deviation: 


In which = 0.0979 mg. 


+ 0.0036 mg. 


development with the dithiol reagent. 
Since samples shipped to this labora- 
tory from certain parts of New York 
State are often 48 hr. in transit, the 
prevention of hydrolysis for at least 
48 hr. is desirable. Acid preservation 
of samples seemed feasible. Varying 
amounts of hydrochloric and sulfuric 
acid were added to waters of high al- 
kalinity to which sufficient stock tin 
solution was also added to produce a 
final concentration of approximately 
0.10 mg. of tin. The resulting pH of 
each solution was recorded. 

The adjustment of water samples to 
pH 1.6 and below failed to suppress 
hydrolysis of tin salts completely. The 
unequal distribution of hydrolyzed, in- 
soluble tin salts explains the apparent 
increase in tin concentration exhibited 
by some of the acid-treated samples. 
Hydrolysis was suppressed for 24 hr. 
in samples collected from the Buffalo 
River but, with one exception, 48 hr. 
results were not satisfactory. Before 
24 hr. had elapsed a slight turbidity 
developed in samples adjusted to a pH 
of 0.6 and 0.8 with hydrochlorie acid 
and sulfurie acid, respectively. This 
slight, but nevertheless visible turbid- 
ity is correlated with recoveries of 
somewhat greater than 100 per cent. 

The results of attempts to preserve 
water samples to be analyzed for tin 


= 

0.095 

0.103 

0.096 

0.102 

2 0.095 

Be (a) 10t | 0.10 | 0.10 

(b) 5t | 0.08 | 0.08 
(ce) 0.05 0.053 

0.03 0.026 

Es 0.09 0.085 

0.03 0.032 

0.09 0.086 

a 0.12 0.117 

0.03 0.032 

ig 0.06 0.061 

Be 0.09 0.088 

0.12 0.119 
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TABLE IV.—Acid Treatment of Water Samples Containing Tin 


Sample No. 157 from Buffalo River Sample No. 161—Well Water 
Time Standard Tin — 
(hr.) — Adjusted to | Adjusted to | Adjusted to | Adjusted to | Adjusted to Adjusted to 
. pH 1.6t pH 1.6t pH 1.4t pH 1.4t pH 0.6t pH 0.8t 
| (mg.) (mg.) (mg.) (mg.) (mg.) (mg.) 
0 0.10 0.10 0.10 0.102 0.102 | 0.098 0.101 
2 | 0.08 | 0.098 0.10 0.102 0.100 — — 
4 0.013 | 0.098 0.095 0.100 0.101 — — 
6 | <001 0.096 0.098 0.096 0.099 — —_ 
24 — 0.096 0.094 0.102 0.100 0.107 109 
48 — | 0.063 0.044 0.106 0.088 0.103 0.105 


* Adjusted to pH 2 with hydrochloric acid. 


With hydrochloric acid. 
t With sulfuric acid. 


by raising the pH are presented in 
Table V. This attempt was less suc- 
cessful than acid adjustment. In view 
of the failure of reasonable amounts 
of acid and alkali to suppress hydroly- 
sis completely, a satisfactory solution 
to the problem would require that sam- 
ples be collected in separate containers, 
the entire sample be used for analysis, 
and the container be thoroughly rinsed 
with a minimum volume of concen- 


TABLE V.—Alkaline Treatment of Water 
Samples* Containing Tin 


| 0 Hr. 24 Hr. 
pH Cone. Conc. 

| (mg.) (mg.) 
89 | <0.01 
9.7 0.107 <0.01 
10.8 0.111 0.012 


*Sample No. 161, well water. 


APPENDIX—PROCEDURE FOR 


Distillation 


If the sample is known to contain 
organie matter, add 5.0 ml. of concen- 
trated sulfuric acid to 100 ml. of 
sample. Evaporate to fumes and add 
Super-oxol, drop by drop, to destroy 
organic matter. Cool. 


Rinse the sides of the flask with dis- 
tilled water and evaporate again to 
fumes of sulfuric acid. Cool. 

Add distilled water and transfer 
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trated hydrochloric acid to insure that 
hydrolyzed tin salts accumulated on 
the sides of the container would be 
brought into solution. 


Summary 


The dithiol-tin color reaction using 
sodium lauryl sulfate as a dispersant 
was adapted to 5-em. cells for use with 
the Beckman DU spectrophotometer in 
the range from 0.01 to 0.18 mg. A 
sensitivity of 0.10 mg. per liter is pos- 
sible when 100 ml. of sample is used 
for analysis. The simplified distilla- 
tion procedure of Baker, Miller, and 
Gibbs (9) is shown to be satisfactory 
for the isolation of tin from industrial 
wastes. Replicate samples, each con- 
taining 0.100 mg. of tin, showed an 
average recovery of 0.0979 mg. with a 
standard deviation of + 0.0036 mg. 


quantitatively to a Claisen flask, and 
add an additional 5.0 ml. of sulfuric 
acid. If the sample is a plating waste 
free from organic matter, pour 100 ml. 
of sample directly into a Claisen flask 
and add 10.0 ml. of concentrated sul- 
furie acid. 

Place a 200° C. thermometer in the 
main neck of the Claisen flask with the 
thermometer bulb close to the bottom 
of the flask. Into the other neck place 
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a 50-ml. separatory funnel. Attach 
the side arm to a water condenser. 
Collect the distillate in a 200-ml. tall- 
form beaker. The distillation should 
be carried out under a hood to prevent 
the escape of uncondensed hydrochlo- 
ric acid vapors, 

Pour 10.0 ml. of concentrated hydro- 
chlorie acid into the separatory funnel, 
and allow it to flow into the Claisen 
flask. Then add 15.0 ml. of 20-per cent 
potassium bromide solution in the same 
manner. Add 40.0 ml. of concentrated 
hydrochloric acid to the separatory 
funnel. 

Slowly distill the solution until the 
temperature reaches 138° C., then add 
the hydrochloric acid drop by drop, 
maintaining the temperature between 
138° C. and 148° C. After all the acid 
has been added, continue distillation 
until the temperature rises to 150° C. 
Discontinue heating, disconnect the 
condenser, and wash it with two 10.0- 
ml, portions of 1:1 hydrochloric acid. 

Finally, rinse the condenser with 
distilled water, and collect the wash- 
ings in the 200-ml. tall-form beaker. 
Carry a blank through the distillation 
and the determination of tin 
dure. 


proce- 


Reagents 


1. Stock tin solution: Weigh 0.500 
g. of pure tin into a 500-ml. volumetric 
flask, add 200 ml. of concentrated hy- 
drochloric acid. Make up to volume 
with distilled water. 1.0 ml. = 1.0 mg. 
of tin. 

2. Standard tin solution: Dilute 5.0 
ml. of stock tin solution to 500 ml. in a 
volumetric flask. 1.0 ml. = 0.01 mg. of 
tin. This solution must be prepared 
just before use. 

3. Thioglycollic 
ceived. 

4. Sodium lauryl sulfate: Dissolve 
1.0 g. in distilled water and make up 
to 100 ml. 

5. Dithiol reagent: Weigh 0.15 g. 
of dithiol into a 100-ml. beaker, add 
eight drops of thioglycollic acid, then 


acid: Use as re- 
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add 50 ml. of 2-per cent sodium hy- 
droxide solution. Stir until the dithiol 
is completely dissolved. If the solu- 
tion is not clear, filter through a dry 
quantitative filter paper into a dry, 
glass-stoppered bottle, and store in the 
refrigerator. The solution is stable for 
five days. 

6. Sulfuric acid (3:7): Add 75 ml. 
of concentrated sulfuric acid to 100 ml. 
of distilled water in a 400-ml. beaker. 
Cool, transfer to a 250-ml. volumetric 
flask. Dilute to volume and mix. 


Calibration of Solutions 


Into five 50-ml. volumetric flasks, 
pipette 5.0 ml. of (3:7) sulfurie acid. 
Add 5.0 ml. of water to each and cool. 
Pipette 2, 4, 8, 12, and 16 ml. of stand- 
ard tin solution (1 ml. = 0.01 mg. of 
tin) into each of the 50-ml. volumetric 
flasks. Immediately add five drops of 
thioglycollie acid and swirl to mix. 
Dilute to approximately 40 ml. and 
swirl to mix. 


Blank Solution 


Pipette 5.0 ml. of sulfuric acid (3:7) 
into a 50-ml. volumetric flask. Add 
5.0 ml. of distilled water, cool, add five 
drops of thioglycollie acid, and mix by 
swirling the flask. Dilute to approxi- 
mately 40 ml. 


Color Development 


To the first volumetric flask add 0.5 
ml. of sodium lauryl sulfate and swirl 


to mix. Pipette 1.0 ml. of dithiol into 
the flask and swirl again. Add 2.0 ml. 
more of sodium laury] sulfate and mix 
by swirling. Dilute to volume with 
distilled water and invert the flask sev- 
eral times. Follow the same procedure 
for each of the unknowns and stand- 
ards. 
Photometry 


Transfer each solution to a 5.0-em. 
absorption cell and measure the ab- 
sorption of each solution against the 
blank at 530 mp. A straight line 
should result from a plot of concen- 
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TIN- DI THIOL CURVE 


Wove length 530 mu 
5.0 cmcells 


OPTICAL DENSITY 


@ OF CO O8 10 12 14 
TIN CONCENTRATION mg. 


FIGURE 1.—Tin-dithiol curve. 


trations versus corresponding optical 
densities (Figure 1). 


Procedure 


Collect the distillate in a 200-ml. 
tall-form beaker. Add 5 ml. of (3:7) 
sulfuric acid. Cover the beaker with 
a watch glass and evaporate until the 
Cool and 
Evapo- 

Cool. 


distillate is nearly colorless. 
add 10.0 ml. of Super-oxol. 
rate to approximately 50 ml. 
Transfer quantitatively to a 125-ml. 


Ehrlenmeyer flask. Add 5.0 ml. of 
Super-oxol. Place a small funnel into 
the neck of the flask and evaporate to 
incipient fumes of sulfurie acid. As 
the solution starts to fume, add 0.5 ml. 
of Super-oxol a drop at a time to re- 
move the last traces of bromine. 

When the peroxide bubbling has 
subsided, remove from the hot plate 
and cool. Rinse the sides of the flask 
with distilled water and again heat to 
fumes of sulfurie acid. Solution 
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should be water-white and free of tur- 
bidity when cool. 

Add 10.0 ml. of distilled water. Mix 
and cool. Then add five drops of thio- 
glyeollic acid. Transfer quantitatively 
to a 50-ml. volumetric flask. Add suf- 
ficient distilled water to bring the vol- 
ume to approximately 40 ml. and pro- 
ceed with the color development. 

Convert the photometric readings 
for the sample to milligrams of tin by 
means of the calibration curve (Fig- 
ure 1). 
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Stream Pollution 


EFFECT OF CANNERY WASTE REMOVAL ON 
STREAM CONDITIONS * 


By J. V. LUNsFrorpD 


Assistant Professor of Civil Engineering and Assistant Sanitary Engineer, Division of 
Industrial Research, The State College of Washington, Pullman, Wash. 


The purpose of this paper is to pre- 
sent a comparison of some of the physi- 
eal, chemical, and biological character- 
isties of a stream when it received dif- 
ferent levels of organic loading. 

During the 1955 canning season, the 
Touchet River in Washington received 
a maximum B.O.D. loading of 600 
p.p.m., whereas the maximum loading 
during the 1956 canning season was 
295 p.p.m. The decrease in B.O.D. 
loading resulted from a reduction in 
the strength of the waste discharged to 
the Dayton, Wash., municipal sewage 
treatment plant by the Green Giant 
Cannery. The strength of the cannery 
waste was reduced by using spray ir- 
rigation to dispose of the strongest 
wastes. 

The City of Dayton treats the can- 
nery wastes and the municipal wastes 
in a secondary treatment plant located 
below the city near the Touchet River. 
Cannery wastes are received only dur- 
ing the six-week pea canning season, 
resulting in an overload of the treat- 
ment facilities. 


The Touchet River 
Characteristics 
The Touchet River receives most of 
its flow from snow melt. The maxi- 
mum flow of approximately 100 c.f.s. 
(1) is reached about the middle of 
* Presented at the 1956 Annual Meeting, 


Pacific Northwest Sewage and Industrial 
Wastes Assn.; Boise, Idaho; Oct. 4-6, 1956. 


June; the flow then decreases rapidly 
throughout the summer and by the 
first of August it is about 25 c.f.s. 

The stream has an average depth of 
18 in. and an average width of 40 ft. 
in the 10-mile section below the City of 
Dayton. The bottom of the stream is 
rough and is composed of rocks the size 
of large gravel. The banks of the 
stream are covered with grass, shrubs, 
and trees; however, sunlight has access 
to the water in most reaches of the 
stream. 


Conditions When Cannery Is Not in 
Operation 


The cannery usually processes peas 
from about June 15 to July 15 each 
summer. When the cannery is not in 
operation the Dayton sewage treat- 
ment plant receives only municipal 
sewage. The plant effluent has a 
the B.O.D. of 20 to 30 p.p.m. (2) and 
is partially chlorinated. The B.O.D. of 
the stream after dilution of the plant 
effluent is 1 to 3 p.p.m. 

When the cannery is not in opera- 
tion the Touchet River has a pH of 
about 7.6, a saturated dissolved oxygen 
content, and a healthy environment 
for aquatic life. 


River Survey, 1955 


During the 1955 eanning season a 
survey was made of the Touchet River. 
The survey obtained data on the 
B.O.D., D.O., M.P.N., pH, and temper- 
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ature of the water. Stream flow data 
were obtained from the U. S. Geologi- 
eal Survey in Spokane, Wash. 


Sampling Points 


The portion of the stream to be sur- 
veyed was about 10 miles long. Sta- 
tion I, a control station, was located 
above the sewage treatment plant out- 
fall, and Station V, approximately 9.6 
miles below the outfall, terminated the 
survey section. Station II (outfall 
station) was located about 800 ft. 
below the treatment plant outfall and 
was selected so that data could be ob- 
tained immediately after the treated 
waste and stream water had mixed. 
The other stations (ILA, III and IV) 
were located at convenient representa- 
tive points downstream. 


Sampling Frequency 


Samples for M.P.N. were taken from 
the stream at all stations once a week, 
and twice a week for all the other de- 
terminations. Samples of the stream 
were taken prior to the canning season, 
during the canning season, and after 
the cannery closed. All the analyses 
conformed to ‘‘Standard Methods’’ 
(3). 


Data and Results of 1955 Survey 


The cannery plant effluent had a 
maximum B.O.D. of about 1,900 p.p.m. 
(4) and a maximum flow of 1.42 
m.g.d.; whereas the municipal waste 
had an average B.O.D. of 200 p.p.m. 
and a flow of 0.7 mg.d. The two 
wastes were mixed prior to reaching 
the treatment plant. The treatment 
plant influent B.O.D. averaged 1,200 
p.p.m. (5), and the effluent B.O.D. 
averaged 600 p.p.m. This was a re- 
duction of 50 per cent, although the 
Touchet River still received a waste 
three times as strong as the normal mu- 
nicipal sewage received at the treat- 
ment plant. 

The cannery did not operate contin- 
uously at the maximum rate. The 
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B.O.D. of the stream decreased in a 
typical manner from a maximum at 
Station II to a minimum value at Sta- 
tion V. 

The D.O. curve was representative 
of a typical oxygen-sag curve. The 
low point occurred at Station ILA. 


Irrigation Studies 


For several years the cannery has 
had studies made seeking a method of 
disposal of their wastes that would 
eliminate the high organic loading 
going to the Dayton treatment plant. 
In the summers of 1954 and 1955, pilot 
studies were made on the disposal of 
cannery waste by spray irrigation (4). 
During the 1956 canning season spray 
irrigation was used to dispose of two 


of the most concentrated wastes 
(blancher overflow and spray reel 
waste). 


Spray-Irrigation System 


The cannery leased 100 acres of land 
of which 80 acres were planted to as- 
paragus and 20 acres were planted to 
pasture grass. When the asparagus 
reaches full maturity in about five 
years, the 20 acres of grass will be re- 
placed by asparagus and then the en- 
tire 100 acres will receive all of the 
cannery effluent (1.92 m.g.d.). 

In the summer of 1956, 400 g.p.m. 
was applied to the 20 acres at a rate 
of 4 acre-inches per day. The cycle 
time was five days. Fifty spray noz- 
zles delivered 8 g.p.m. each at 50 p.s.i. 
The waste water was made up of the 
blancher waste, the blancher spray reel 
waste, and sufficient plant effluent to 
maintain an average B.O.D. of 5,000 
p.p.m. 

After the wastes had been applied 
for three weeks, the grass in the low 
spots began to yellow and die as a re- 
sult of ponding. By the end of the 
fourth week most of the grass in the 
low spots was dead or dying. The ecan- 


nery closed after six weeks of opera- 
tion. 


During the remainder of the 


‘ 
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growing season the grass flourished 
and had to be cut twice; the field was 
in excellent condition except for the 
ponded low spots. Some odor was 
noticed from the low areas where pond- 
ing had occurred. 

In the late summer of 1956 the 
20 acres of permanent pasture were 
plowed under, leveled to eliminate 
ponding, replanted and made ready 
for next year’s application of mixed 
cannery wastes. 


Comparison of 1955 and 1956 
Survey Data 


The Touchet River Survey of 1956 
was similar to the survey made in 1955. 
The primary purpose in making the 
1956 survey was to compare the physi- 
eal, chemical, and biological conditions 
of the river in 1955 with those found 
in 1956. 

The B.O.D. values at Station II for 
the years 1955-56 are compared in 
Figure 1. It may be noted that the 
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maximum B.O.D. value recorded at 
Station II during the 1956 canning 
season was 20.4 p.p.m., whereas the 
1955 maximum B.O.D. value was 36 
p.p.m. 

Comparison of the D.O. values at 
Station IIA is presented in Figure 2. 
The 1956 minimum D.O. value was 6.4 
p.p.m., whereas the corresponding 
value for the 1955 survey was 0.6 
p.p.m. 

The general physical condition of 
the Touchet River in 1956 was good, 
whereas floating solids (mostly organic 
growth) were noted during most of the 
1955 survey. Some odor complaints 
were received during the 1955 canning 
season, whereas none were received 
during the 1956 canning season. 


Conclusions 


The spray-irrigation project as used 
by the Green Giant Cannery of Day- 
ton, Wash., has proven to be successful 
in reducing the B.O.D. of cannery ef- 
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FIGURE 1.—B.O.D. of the Touchet River at Station II during the canning season. 
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FIGURE 2.—D.0O. content of the Touchet River at Station IIA during the 
canning season. 


fluent to a level that permitted satis- 
factory treatment at the municipal 
sewage plant without creating objec- 
tionable conditions in the river. 

In 1956 the B.O.D. of the plant efflu- 
ent was reduced approximately 50 per 
cent below that recorded in 1955. The 
D.O. content has been maintained at a 
safe level, and the normal aquatic life 
in the stream was not materially af- 
fected. 

When all of the cannery wastes are 
sprayed on the 100 aeres of asparagus, 
a valuable crop should be obtained and 
the Touchet River will be protected. 
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Research Forum‘ 


It is the purpose of this discussion 
to present a summary progress report 
on the 10-year period during which the 
sanitary engineering research grants 
program of the U. S. Public Health 
Service has been in operation. The 
report provides basic information con- 
cerning the history and development 
of the program. This record empha- 
sizes the significant proportion of proj- 
ects devoted to research in sewage and 
industrial wastes, and indicates the 
direction for future development. 

The research grants program of the 
U. S. Public Health Service was estab- 
lished under provisions of the Public 
Health Service Act of 1944. Research 
grants in the field of environmental 
sanitation have been available 
1947. During the period this program 
has been in operation (fiscal years 
1947-56 inclusive), a total of 422 re- 
search grants have received support 
amounting to $3.8 million. 


since 


Sanitary Engineering Research 
Grants 


The research grants program, ad- 
ministered by the Division of Research 
Grants of the National Institutes of 
Health, was designed to meet the ex- 
panding needs for research relating to 
public health, including ‘‘studies of 

* The papers included in this section were 
presented during the Research Forum at the 
29th Annual Meeting, Federation of Sewage 


and Industrial Wastes Assns.; Los Angeles, 


Calif.; Oct. 8-11, 1956. 


RESEARCH GRANTS IN SANITARY ENGINEERING— 
A PROGRESS REPORT 


By Harry A, Fasper 


Research Coordinator, Office of Engineering Resources, Division of Sanitary 
Engineering Services, BSS, USPHS, Washington, D. C. 
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water purification, sewage treatment, 
and the pollution of lakes and 
streams.”’ 

Research grants are made directly to 
principal investigators in accordance 
with the steps illustrated in Figure 1. 
The Public Health Service research 
support approved by the Surgeon Gen- 
eral must receive prior recommenda- 
tion by a national advisory council, 
and the council depends upon a study 
section comprised of specialists in a 
specific field for guidance in the se- 
lection of approved applications. 

The Division of Sanitary Engineer- 
ing Services of the Public Health Serv- 
ice collaborates with the Division of 
Research Grants in applying the pro- 
gram to the broad field of sanitary 


engineering, including research in 
sewage and industrial wastes. The 


program finances studies made by in- 
vestigators at universities and other 
institutions, the funds being largely 
used to support graduate students 
working on the research problems. Of 
422 research grants in sanitary engi- 
neering, a total of 192 have been sup- 
ported in the field of sewage and in- 
dustrial wastes research; these grants 
represent 76 different research proj- 
ects. 

Table I and Figure 2 provide a com- 
parison by fiscal years (1946-56) of the 
total National Institutes of Health re- 
search grants program with that in san- 
itary engineering. A total of 18,999 
grants have been supported in the en- 
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APPLICANT —” 
INITIATES 
RESEARCH IDEA 


UNIVERSITY OR 
OTHER RESEARCH 


GRANTEE CENTER 
CONDUCTS." 
RESEARCH RECEIVES AND 


ALLOCATES FUNDS 


NIH DIVISION ASSIGNS TO 

OF RESEARCH APPROPRIATE FIELD 

GRANTS 

P| STUDY SECTION CONDUCTS SCIEN- 

TIFIC REVIEW 

INSTITUTE MAKES PROGRAM 
EVALUATION 

ADVISORY MAKES FINAL 

COUNCIL RECOMMENDATION 

SURGEON TAKES FINAL 


PUBLIC HEALTH 


GENERAL 


ACTION 


DIVISION OF 
RESEARCH 
GRANTS 


PROCESSES AND 
PAYS 


tire research grants program, of which 
422 grants have been in sanitary engi- 


neering. While the support of research 
grants in the total program has in- 
creased from about $1 million in fiscal 


TABLE I.—Sanitary Engineering Research 
Grants and Total PHS Research 
Grant Program 


NIH Research Grant SEOH* Program 


Program 


| 
| Total Grants 


Fiscal 
ear 
No. No. Amount 
1946 79| 794,000; — | 
1947 291 | 3,577,000, 6 | 66,284 
1948 976 | 9,559,000, 36) 297,589 
1949 1,076 | 10,868,000) 33 | 269,342 
1950 1,468 | 13,274,000} 38 | 271,401 
1951 1,660 | 16,881,000) 41 303,379 
1952 1,812 | 18,365,000) 41 319,993 
1953 2,084 | 20,936,000} 46 374,900 
1954 2,855 | 29,951,000) 46 466,844 
1955 3,256 | 35,163,000} 62 571,136 
1956 3,442 | 39,994,000) 73 880,853 
Total | 18,999 (199,362,000) 422 | 3,821,721 


* Sanitary 
health. 


engineering and occupational 


FIGURE 1.—How a Public Health Service research grant is made. 


year 1946 to nearly $40 million in 
1956, the sanitary engineering support 
of research grants has increased only 
from $66,284 in 1947 to $880,853 in 
1956. Through fiscal year 1956, a total 
of $3.8 million was provided to support 
422 research grants in sanitary engi- 
neering. During the existence of the 
research grants program in sanitary 
engineering, it has comprised 1.9 per 
eent of the total number of Public 


TABLE II.—Sanitary Engineering Research 
Grant Applications Submitted 
and Approved 


Applications (No.) 
Fiscal Approvals 
Year (%) 
Submitted Approved 
1947 94 32 34.0 
1948 68 33 48.5 
1949 72 44 61.1 
1950 | 82 53 64.6 
1951 | 66 36 54.5 
1952 | 66 27 40.9 
1953 48 30 62.5 
1954 | 92 45 48.9 
1955 116 68 58.6 
134 79 59.0 
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SUPPORT IN MILLIONS OF DOLLARS 
BY FISCAL YEARS 


TOTAL NIH RESEARCH GRANT PROGRAM 
SEOH RESEARCH GRANT PROGRAM 


1947 1948 1949 i950 195! 1952 1953 1954 1955 = 


FIGURE 2.—Comparison of the NIH research grant program and the sanitary 
engineering and occupational health program. 


Health Service research grants sup- submitted and approved are given in 
ported, and 2.2 per cent of the total Table II and are illustrated in Figure 
amount of support. 3. These data show that the number 

Data on the number of sanitary en- of research grants applications sub- 
gineering research grants applications mitted has shown little increase during 


_ NUMBER OF APPLICATIONS SUBMITTED AND 
NUMBER APPROVED BY FISCAL YEARS 


APPLICATIONS SUBMITTED 
MB APPLICATIONS APPROVED 


1955 1956 


FIGURE 3.—Comparison of sanitary engineering research grant applications 
and approvals. 
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the first eight years of the program, TABLE III.—Number and Amount of Grants 


and that only in the last two years has 
a definite upward trend been exhibited. 
The approved grant applications have 
averaged 53.3 per cent during the life 
of the program. The number of ap- 
proved research grants in sanitary en- 
gineering actually supported has been 
somewhat smaller than the number of 
grants approved, because sufficient 
funds have not always been available 
to support all approved applications. 


Sewage and Industrial Wastes 
Research 


Table III presents data on the num- 
ber of grants supported and amount of 
support for projects in sewage and in- 
dustrial wastes research, as compared 
with grants for all other projects in 
sanitary engineering. The data on 
support of research grants are illus- 
trated in Figure 4. Note that 192 of 
all the 422 research grants in sanitary 
engineering have been in the field of 
sewage and industrial wastes. The 
total support of sewage and industrial 
wastes projects has been $1,472,219. 
The number of research grants in sani- 
tary engineering represented by the 
field of sewage and industrial wastes 


Supported in Sewage and Industrial 
Wastes Research 


Sewage and 


Industrial Wastes All Other Grants 


Amount 


($) 


Amount 
(3) 


1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 


Total 


15,950 
155,185 
108,596 
114,972 
156,063 
184,623 
178,831 
174,447 
181,153 
202,399 


1,472,219 


50,334 
142,404 
160,746 
156,429 
147,316 
135,370 
196,069 
292,397 
389,983 
678,454 


2,349,502 


is 45.4 per cent and the amount of 
support in this field is 38.5 per cent 
of all sanitary engineering research 
grants supported. 

The 192 research grants in sewage 
and industrial wastes studies represent 
76 individual projects. The average 
length of support for research projects 
in this field is three years, and the av- 
erage amount of support per project 
is $6,330 per year. 


SUPPORT IN THOUSANDS OF DOLLARS 


BY FISCAL YEARS 


1950 1951 


ALL OTHER GRANTS 
MMI SEWAGE & INDUSTRIAL WASTES 


1952 1953 1954 1955 = 1956 


FIGURE 4.—Comparison of sewage and industrial wastes research support with all 
other sanitary engineering grants. 


| >| 
1 | 5 
12 21 
20 | 18 
24 | 17 
26 | 15 
21 
18 28 
24 38 
= 48 
92 | 230 | 
1000 — 
| 
o | FEES 
1947 1948 1949 


436 


The Publie Health Service research 
grants program makes two important 
contributions to meeting research 
needs in the field of sanitary engineer- 
ing. First, the program supports spe- 
cific research projects—and leads to 
the publication of research informa- 
tion in technical journals. Second, the 
program supports graduate students— 
and leads to the development of a sup- 
ply of qualified research personnel. A 
survey of research papers published 
in THis JOURNAL during the past 10 
years shows that 72 of these were the 
result of projects supported by Public 
Health Service research grants. 

The Division of Sanitary Engineer- 
ing Services has recently undertaken 
to survey the total research being con- 
ducted in the field of sanitary engi- 
neering, and to stimulate additional 
work in neglected areas. It is antici- 
pated that research groups in national 
water, and industrial wastes 
organizations will provide assistance 
and guidance in this undertaking. 


sewage, 
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Conclusion 


Public Law 660 passed by the 84th 
Congress, recognized the need for the 
Public Health Service to expand and 
coordinate its research program in the 
eauses, control, and prevention of 
water pollution. Among other means 
of accomplishing this, the law autho- 
rized federal grants for research and 
training, and the establishment of re- 
search fellowships. Funds to support 
grants for these purposes were not 
included in the fiscal year 1957 appro- 
priation. The research grants pro- 
gram in sewage and industrial wastes 
studies will continue, however, with 
PHS funds supplied by the Division 
of Research Grants, National Insti- 
tutes of Health. It is intended that 
an expanded program of research 
grants and research fellowships will 
be supported next year. Emphasis 
will be placed also upon providing 
coordination of research and upon im- 
proving communication in the research 
field. 
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ALGAE IN WASTE TREATMENT 


By W. J. Oswaup, H. B. Goraas,* C. G. GoLurKe, anp W. R. KELLEN 


Respectively, Assistant Research Engineer, Professor of Sanitary Engineering and Director, 
Assistant Research Biologist, and Graduate Research Biologist, Sanitary Engineering 
Research Laboratory, University of California, Berkeley, Calif. 


The natural processes of stabilizing 
organic wastes by bacterial oxidation 
and of producing oxygen by algae, 
through photosynthesis, are funda- 
mental in the treatment of organic 
wastes in stabilization ponds. Although 
stabilization ponds for many years 
have been utilized specifically for waste 
treatment, fundamental quantitative 
data for their economical and efficient 
design and operation have been lack- 
ing. 

The authors have previously pub- 
lished a rational method for stabiliza- 
tion pond design based on laboratory 
and pilot-plant studies (1) (2) (3). 
This paper presents further basic 
theoretical analyses of criteria for de- 
sign and operation, confirmed by ex- 
perimental results obtained from out- 
door pilot-plant investigations. 

Of primary importance in the engi- 
neering design and operation of sta- 
bilization ponds are the independent 
variables of pond depth, detention pe- 
riod, and B.O.D. loading, together 
with their quantitative effect upon the 
dependent variables, oxygen produc- 
tion, B.O.D. stabilization, pond condi- 
tion, and effluent stability. 

Parameters for the relationship of 
the depth to the detention period of a 
pond, and for the eapacity of a pond 
to produce oxygen in relationship to 
B.O.D. loading, are essential to effi- 
cient design. Criteria for the analysis 
and development of these essential 
parameters are presented herein. In 
analyzing the fundamental processes 


* Presently, Dean, Northwestern Tech- 
nological Institute, Northwestern University, 
Evanston, Tl. 


of photosynthetic oxygenation of or- 
ganic wastes, the assumption is made 
that an algal bloom dispersed through- 
out the liquid will develop in a waste 
having the proper nutritional charac- 
teristics if sufficient time is allowed 
and temperature and light conditions 
are adequate. Proper seeding may be 
necessary to decrease to a reasonable 
extent the time required for develop- 
ing a vigorous algal bloom. In rare 
instances, however, because of toxic 
materials or for some other reason, 
algal growth may be inhibited. Rap- 
idly growing unicellular algae having 
a characteristic and predictable pat- 
tern of growth are desired in stabiliza- 
tion ponds. Slow growing organisms 
may be excluded by using short de- 
tention periods; thus, a degree of spe- 
cies control may be obtained. 

The visible portion of sunlight is the 
prime mover of photosynthetic oxy- 
genation. Although the amount of sun- 
light available is an extremely variable 
factor, it may be predicted within a 
reasonable degree of accuracy, provid- 
ing the element of time over which 
values are predicted is_ sufficiently 
large. In 1954 the authors published 
information concerning the amounts of 
visible light energy penetrating a 
smooth water surface at sea level in 
relation to latitude and month of the 
year (2). This information, together 
with data on algal growth, is useful 
in predicting the quantities of oxygen 
which may be produced through light 
energy fixation by algae. 

The amount of energy associated 
with oxygen liberation by algae is well 
established. In the case of Chlorella, 
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TABLE I.—Theoretical Quantities of Oxygen (Pounds per Acre per Day) Produced Through 


Photosynthesis in Ponds Operating at Various Conversion Efficiencies (Latitude 36° N.) 


Visible Light Energy Conversion (%) 


| Max 
Month | or 
| Min 
Jan. | Max.| 25 | 50 | 75 | 100 
Min 11 | 22 | 33 44 
Feb. | Max.| 36 72 | 108 | 144 
| Min. | 17 34 | 51 | 68 
Mar. | Max.| 47 | 94 | 151 | 188 
Min | 24 |} 48 | 72 | 9%6 
Apr. | Max.| 60 | 120 | 180 | 240 
Min 33 66 | 99 | 132 
May | Max 70 140 210 280 
| Min 42 84 126 168 
June | Max 72 | 144 216 288 
Min 41 | 82 153 164 
July | Max 70 140 210 280 
| Min. | 43 86 | 129 | 172 
Aug. | Max 64 128 192 | 256 
| Min 38 76 | 114 | 152 
Sept. | Max. 52 104 156 | 208 
Min. 31 62 93 | 124 
Oct. | Max.| 41 82 153 | 164 
Min. 21 42 63 | 84 
Nov. | Max. | 28 56 | 84 | 112 
| Min. 15 30 45 | 60 
Dec. | Max. | 21 | 42 | 63 84 
Min. | 20 | 30 | 40 


Scenedesmus, and similar organisms, 
laboratory and pilot-scale experiments 
have shown the energy to be about 
118,000 calories per mole of oxygen, or 
3.68 calories per milligram of oxygen. 
More recently, the efficiency of light 
energy conversion by algae grown in 
sewage under a wide variety of en- 
vironmental conditions has been stud- 
ied. These investigations show that 
this energy conversion seldom exceeds 
10 or 12 per cent of the available light 
energy. 

Since probable values for amount 
of available light energy can be pre- 
dicted and photosynthetic efficiencies 
may be assumed, the quantity of oxy- 


| 

tet, | | 9 | 10 
125 | 150 | 175 | 200 | 225 | 250 
55 66 77 88 99 | 110 
180 | 216 | 252 | 288 | 324 | 360 
85 | 102 | 119 | 136 | 153 | 170 
235 | 282 | 329 | 376 | 423 | 470 
120 | 144 | 168 | 192 | 216 | 240 

| | 
300 | 360 | 420 | 480 | 540 | 600 
165 | 198 | 231 | 264 | 297 | 330 

| 
350 | 420 | 490 | 560 | 630 700 
210 | 252 294 336 378 420 
360 | 432 | 504 | 576 | 648 | 720 
205 | 246 | 287 | 328 | 369 | 410 
350 | 420 | 490 | 560 | 630 | 700 
215 | 258 | 301 | 344 | 387 | 430 
320 | 384 | 448 | 512 | 576 | 640 
190 | 228 | 266 | 304 | 342 | 380 
260 | 312 | 364 | 416 | 468 | 520 
55 | 186 | 217 | 248 | 279 | 310 
205 | 246 | 287 | 328 369 410 
105 | 126 | 147 | 168 | 189 | 210 

| | 

| 
140 | 168 | 196 | 224 | 25 280 
7 | 90 | 105 | 120 135 150 
105 | 126 | 147 | 168 | 189 | 210 
50 60 70 | 80 90 100 


gen that would be produced for a given 
efficiency may be computed from 


FS 


Wo, (in mg. per |. per day) = —— 


(la) 


Wo, (in lb. per acre per day) 


FS 
= 89 


3.68 
in which Wo, is the weight of oxygen; 
S is the amount of visible solar energy 
which penetrates a smooth water sur- 


) = 242FS (1b) 


face, in calories per square centimeter 
per day; F is the efficiency of light en- 
ergy conversion to chemical energy, ex- 
pressed as a decimal; 3.68 is the energy 


= 

| 
1, 

“te 

rag 
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required to produce 1 mg. of oxygen 
through photosynthesis; and the factor 
89 converts milligrams per square 
centimeters to pounds per acre. 

Table I shows the results of caleu- 
lations using Eq. 1b for a latitude of 
36°N. at sea level. Similar values can 
be computed for any other latitude, 
elevation, and degree of cloudiness. 
The maximum and minimum values in 
Table I represent the oxygen produc- 
tion in clear and in cloudy weather 
at this latitude. These computed 
values demonstrate numerically a fact 
which all who have observed or oper- 
ated stabilization ponds have experi- 
enced; specifically, a pond may pro- 
duce several times as much oxygen in 
summer as it does in winter. For 
example, it may be seen from Table I 
that a pond operating at 3 per cent 
efficiency may produce as little as 30 
lb. of oxygen per acre per day in De- 
cember and as much as 216 lb. per acre 
per day in June, a sevenfold increase. 

It also is obvious that the oxygen- 
producing capacity of algae increases 
in direct proportion to their photosyn- 
thetic efficiencies. Thus, the area re- 
quired to produce a given amount of 
oxygen through photosynthesis is a 
function only of the amount of visible 
light energy and the photosynthetic 
efficiency attained by the organisms in 
the pond. It is essential, however, that 
the ponds have a finite holding time 
and area. Pilot-plant experiments 
have shown that because of the repro- 
duction time of the algae, a stabiliza- 
tion pond may not ordinarily be op- 
erated at a detention period of less 
than one day if the necessary concen- 
tration of algae is to be maintained. 
Therefore, the detention time, D, is 
expressed in units of days. When de- 
tention time and area, A, are consid- 
ered, Eq. la becomes 

Wo, = FSDA (2) 
3.68 
in which the product S D A is the 
total visible sunlight energy reaching 
the pond. 


The pond volume is 
V=QD (3) 


in which @ is the flow per day, ex- 
pressed in the same units as V. Be- 
cause the pond volume, V, may be ex- 
pressed in liters and the area, A, in 
square centimeters, the surface area of 
1 1. is 1,000/d’, where the depth d’, is 
in centimeters. Hence, 


1,000 F S D 

or 

d’ 1,000 F S 

D~ Wo, X 3.68 
in which Wo, is the total milligrams 
per liter of oxygen produced in D 
days. 

It is evident that, other factors being 
constant, total oxygen production is a 
function of detention period and 
depth. This relationship is expressed 
in Eq. 4b as the ratio of depth to de- 
tention period, d’/D, which has the 
units centimeters per day and is pro- 
portionate to the loading in weight per 
unit area, hence is termed the ‘‘load- 
ing factor.’’ Data relating to the de- 
sirable values of the loading factor 
have been lacking and are essential 
for the design of efficient stabilization 
ponds. 

Values for this ratio may be com- 
puted from Eq. 4b, for appropriate 
values for oxygen production, photo- 
synthetic efficiency, and visible solar 
energy. For example, assuming a 
photosynthetic efficiency of 0.03 and 
light conditions in which average vis- 
ible solar energy is 175 calories per 
square centimeter per day, this ratio 
may be computed in terms of the depth 
of waste which must be applied to the 
stabilization pond per day necessary 
to produce 180 mg. of oxygen per 
day as follows: 


d’ 1,000 X 175 X 0.03 _ 
180 X 3.68 


(4b) 


or a 3.14 in which d is expressed in 


D 


inches. 


440 


For a detention period of 5 days the 
indicated depth is 40 em., or about 10 
in. For a detention period of 30 days 
the indicated depth is about 94 in., 
which is greater than that ordinarily 
used. Practically speaking, the con- 
version efficiency, F, varies with both 
depth and detention period, hence an 
arbitrarily selected efficiency may lead 
to considerable error in the magnitude 
of the depth-detention period ratio. 

The authors (2) previously outlined 
a method of estimating the depth by 
utilizing the expression 


InI 

Ca 
derived from the Beer-Lambert law in 
which d’ is the depth to which visible 
light penetrates; J is the incident light 
intensity; C, is the concentration of 
algae; and q is the adsorption coeffi- 
cient of the algae cells, usually about 
1.5 x 10°. 

A different method for estimating 
design depth is developed herein. 
When the pond depth, the detention 
period, and the 5-day B.O.D., L;, of 
the applied waste in milligrams per 
liter are known, the theoretical amount 
of oxygen, in pounds per acre per day, 
which would be required to stabilize 
the total 5-day B.O.D. loading applied 
to the pond, is 


Wao.v. = 0.226 L, (5) 


in which d is the depth in inches. 

If photosynthesis is assumed to sup- 
ply practically all of the oxygen for 
stabilization of the B.O.D., Eqs. 1 and 
5 may be equated for visible light, 8S, 
and the photosynthetic efficiency, F,, 
required to produce an amount of oxy- 
gen equal to the 5-day B.O.D. loading 
applied to the pond computed: 


d 
24.2F S = 0.226 L, D (6a) 
Lid 
F. = 0.0094 s D (6b) 
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Eq. 6 does not yield the actual 
photosynthetic efficiency, F, attained 
by the pond, but gives the theoretical 
efficiency necessary to provide suffi- 
cient oxygen to meet the total B.O.D. 
loading to be stabilized by photosyn- 
thetic oxygenation. Thus, F, is 
termed the ‘‘critical efficiency.’’ The 
actual photosynthetic efficiency, F, is 
nearly equal to the calories of energy 
H in the algal cells produced per unit 
volume per day divided by the amount 
of visible solar energy received by the 
pond per unit volume each day (2); 


that is 
C. 
D 
Yh 
, 1,000.8 
= 
and 
= 
in which C, is the concentration of 


algae, in milligrams per liter; Y, is 
the yield of cell material, in milligrams 
per liter per day; h is the heat of 
combustion in calories per milligram 
(normally 6.0); S’ is the available 
light energy, in calories per liter per 
day. The quantities C,, h, and S§ 
can be measured, and D and d’ are 
known. If F=F.,, sufficient oxygen 
would have been produced to oxidize 
the total B.O.D. load on the pond. 

The ratio F/F,. may be considered 
as an ‘‘oxygenation factor’’ to deter- 
mine whether or not the pond is too 
heavily loaded to provide the desired 
B.0.D. removal. Theoretically, as the 
ratio decreases below a value of one, 
the percentage removal of B.O.D. will 
decrease. When the actual efficiency, 
F, being obtained falls below the eriti- 
eal efficiency F,, photosynthetic oxy- 
genation cannot meet the full oxygen 
demand and a degree of anaerobiosis 
may exist. On the other hand, when- 
ever F exceeds F,, more oxygen is pro- 
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duced than is required, and excess 
oxygen is present in the pond. 

In order to maintain aerobie con- 
ditions in a pond and to support a 
high degree of B.O.D. removal, deten- 
tion period and depth must be such 
that an attainable photosynthetic effi- 
ciency can produce sufficient oxygen 
to satisfy the B.O.D. to be removed. 
For example, if a pond 36 in. deep 
receives sewage having a 5-day B.O.D. 
of 200 mg. per liter, visible light 
energy of 225 calories per square centi- 
meter per day, and is operated on a 
detention period of 11 days, the photo- 
synthetie efficiency theoretically must 
be 2.8 per cent in order to provide the 
oxygen equivalent of this 5-day B.O.D. 
loading of 152 lb. per acre per day. 

The theoretical critical value for 
photosynthetic efficiency, required 
to meet the total 5-day B.O.D. load 
is a function of the sewage strength, 
available light energy, depth, and de- 
tention period. On the other hand, 
the actual efficiency, F, while also a 
function of these factors, is primarily 
a measure of the actual performance 
of the algae and bacteria contained 
in the pond under the light, tempera- 
ture, nutritional, and other environ- 
mental conditions prevailing. 

The oxygenation factor F/F,, should 
provide a parameter or criterion for 
the performance of a pond and reveal 
what proportion of the oxygen require- 
ments is produced by photosynthesis. 


Pilot-Plant Experiments 


Observations of experimental pilot- 
pond operations using various depths, 
detention periods, and loadings under 
ambient light conditions have been 
made in order to obtain information 
concerning the attainable performance 
of ponds, their oxygenation factors, 
and the depth and detention period 
ratio required for maximum efficiency. 

These investigations were made with 
several ponds, shown diagrammatically 
in Figure 1. Pond I is 80 ft. long, 3.5 


ft. wide at the top, and 2.5 ft. wide 
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at the bottom. Pond II is 65 ft. long, 
14 ft. wide at the top, and 10 ft. wide 
at the bottom. Pond III is composed 
of three identical units, termed III A, 
III B, and III C, which are 35 ft. 
long, 11 ft. wide at the top, and 5 ft. 
wide at the bottom. Liquid depths 
used in the experiments on which the 
analysis herein reported is_ based, 
varied from 8 to 36 in. for summer 
and winter operating conditions; de- 
tention periods were varied as shown 
later in Tables II and III; and the 
ponds were operated continuously with 
automatic maintenance of the desired 
depths and detention periods. 

The sewage used in the experiments 
was of domestic origin obtained from 
one of the main sewers of the City 
of Richmond, Calif. The average set- 
tling time for this sewage was 11% hr. 
prior to use. 

The depth and detention period 
were adjusted in each experiment, af- 
ter which the ponds usually were op- 
erated for at least 30 days or three 
detention periods, whichever was the 
shorter, to permit the pond culture 
to adjust to the new experimental con- 
ditions. When detention periods of 
one, two, or three days were tested. 
the experiments were continued for at 
least 10 days after the pond had been 
acclimatized. 

Daily determinations of light inten- 
sity and energy, of algal cell popula- 
tion, pH, alkalinity, and dissolved oxy- 
gen were made on the pond effluent, 
and of B.O.D., pH, and alkalinity on 
the sewage influent during the time 
of pond acclimatization, as well as dur- 
ing the time of the experiment. Dis- 
solved oxygen in the ponds was meas- 
ured both in the morning and after- 
noon. Observations of the B.O.D. of 
the pond supernatant were made after 
the algae had been removed by 
centrifuging. The visible light energy 
per square centimeter received by the 
ponds was measured by a pyroheli- 
ometer. The size of the algal popula- 
tion, and of the weight, heat of com- 
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FIGURE 1.—Arrangement of pilot-plant stabilization ponds at Richmond, Calif. 


bustion, and chlorophyll content of 
algae were observed. 


Results 
The results of experiments in which 
the depth and detention period were 
varied during conditions of summer 
operation are shown in Table II. The 
results of similar studies conducted 


during winter conditions are shown 
in Table III. 


Pond Performance in Summer 


To illustrate the performance char- 
acteristics of the experimental ponds 
in the summer, some of the results 
from Table II for the 12-, 24-, and 36- 
in. depths are plotted in Figures 2, 3, 
and 4. 

In Figure 2, the B.O.D. loading, 


B.O.D. removal, photosynthetie oxygen 
production determined from algal cell 
weight, and the efficiency of light en- 
ergy utilization for the 12-in. depth 
experiments are plotted with respect 
to detention period. After a deten- 
tion period of two days the difference 
between B.O.D. applied and B.O.D. 
removed is approximately constant; 
hence, the per cent B.O.D. removal is 
a maximum at a two-day detention 
period. 

At a detention period of one day, 
although the B.O.D. removal is at a 
maximum, it represents only about 50 
per cent of the applied B.O.D. It is 
evident that in this short detention 
period, sedimentation contributes to 
the apparent B.O.D. removal. No de- 
tectable dissolved oxygen was present 
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FIGURE 2.—Performance characteristics of a 12-in. deep stabilization pond operated at 
various detention periods in summer. 


in the pond during the one-day de- 
tention period experiment, indicating 
failure of the photosynthetic process 
to supply sufficient oxygen. 

At a detention period of two days, 
photosynthetic oxygen production was 
equal to the B.O.D. loading. As shown 
in Line 15 of Table II, the photosyn- 
thetie efficiency necessary to provide 
oxygen equal to the B.O.D. loading in 
this case is 4.0 per cent. The measured 
efficiency for the two-day detention 
period is also 4.0 per cent, hence oxy- 
gen production equalled the B.O.D. 
loading and the oxygenation factor 
was 1.0. With detention periods of 
three and four days, the photosyn- 


thetic efficiency attained was above 
that required. In fact, oxygen pro- 
duction exceeded B.O.D. loading by 
more than two-fold, and values of the 
oxygenation factor of two or more 
were observed. 

It is noted that input light energy 
reported in Table II for the three 
8-in. depth experiments in Pond I is 
considerably less than the visible en- 
ergy reported for Pond II during the 
same period. At a depth of 8 in., 
the high walls of Pond I prevented 
approximately 40 per cent of the daily 
visible light from reaching the water 
surface. Thus, the low dissolved oxy- 
gen concentration during the morning 
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hours is believed to have resulted from 
light exclusion by the high sides of 
the pond. 

Results from experiments with Pond 
Ill (Table IL), in which a depth of 
14 in. and a detention period of four 
days were used, show oxygenation 
factors varied from 2.2 to 3.8, indi- 
cating that much more oxygen was 
produced in these tests than was re- 
quired. 

The results of experiments for the 
24-in. depth series conducted during 
July and August, 1954, which are rep- 
resentative of the performance which 
occurs in a pond of this depth under 
good conditions of light and tempera- 
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ture (Table Il) are shown in Figure 
3. The highest B.O.D, removal in 
pounds per acre per day was obtained 
with a detention period of one day 
when the B.O.D. loading was 580 Ib. 
per acre per day. Only 41 per cent 
of the B.O.D. was removed, however. 
Inasmuch as the loading factor, d/D, 
was very low and dissolved oxygen was 
rarely present in the pond, it is be- 
lieved that a large part of the B.O.D. 
removal was accomplished by the an- 
aerobic decomposition of settled sludge 
on the bottom of the pond. 

The highest per cent B.O.D. re- 
moval in this series occurred at a de- 
tention of about three days. The curve 
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FIGURE 3.—Performance characteristics of a 24-in. deep stabilization pond operated at 
various detention periods in summer. 
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for photosynthetic oxygen production 
(Figure 3) indicates that the oxygen 
production was equal to the B.O.D. 
loading at a detention period of about 
2.5 days, at which time the apparent 
photosynthetic efficiency was approxi- 
mately 6.0 per cent and the estimated 
required efficiency with respect to the 
B.O.D. loading was about 5.5 per cent. 

At a detention period of four days 
the apparent efficiency was 5.8 per 
cent, while the critical efficiency, as is 
shown in Table II, was 3 per cent. 
At a detention period of seven days, 
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ciencies decreased, while the oxygena- 
tion factor increased to 2.3, indicating 
excess oxygen production. The B.O.D. 
removal decreased, probably because 
the high pH produced by the algae 
may have partially inhibited bacterial 
oxidation. 

Results from Table Il for 36-in. 
depth ponds operated at detention pe- 
riods of 5, 10, 20, and 30 days are 
presented in Figure 4. Because of 
intermittent fog, average light energy 
was only about 200 calories per square 
centimeter per day, approximately 80 
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FIGURE 4.—Performance characteristics of a 36-in. deep stabilization pond operated at 
various detention periods in summer. 
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FIGURE 5.—Performance characteristics of an 18-in. deep stabilization pond operated at 
various detention periods in winter. 


cause of longer detention periods and 
somewhat weaker sewage, B.O.D. load- 
ings are much lower than those of the 
other experiments. Photosynthetic 
oxygen production exceeded B.O.D. 
loading at detention periods longer 
than eight days, and was greatly in 
excess at 20- and 30-day detention. 
The maximum efficiency attained was 
approximately 4 per cent at a deten- 
tion period of five days. As indicated 
in Table II, oxygenation factors 0.7, 
1.5, 2.2, and 3.2, respectively, for de- 
tention periods of 5, 10, 20, and 30 
days were observed. 


Pond Operation in Winter 


The results for ponds operated at 
depths of 12 to 36 in. in winter are 
shown in Table III. Six experiments 
in Pond II using a depth of 12 in. and 
a detention period of three days with 
variable B.O.D. loadings were con- 
ducted during the winter of 1954— 
55. These experiments demonstrated 
B.O.D. removals varying from 65 to 
92 per cent. It should be noted that 
available light energy was much lower 
than in summer and the oxygenation 
factor was low except in December 
and February. 
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FIGURE 6.—B.O.D. removals in pilot-plant stabilization ponds under winter conditions. 


Figure 5 presents the results of the 
operation of Pond I at a depth of 18 
in. at detention periods of 1.5, 3, 5, 
and 7 days. The weather was foggy 
during this period, so that the daily 
quantity of light energy received by 
the ponds was small. It is seen from 
the results in Table II and Figure 5 
that the pond was overloaded and the 
oxygenation factor was always less 
than one. However, B.O.D. removals 
were as high as 77 per cent at the 
5-day detention period. The pond was 
aerobic most of the time during the 
daylight hours when the detention pe- 
riods were five and seven days. How- 
ever, the pond became anaerobic and 
odorous at night. 

Dissolved oxygen was not present at 
a detention period of 1.5 days, and 
appeared only oceasionally during the 
daylight at a detention period of 2.0 
days. The oxygenation factor for a 
seven-day detention period was 0.79. 
It is estimated that a detention period 
of approximately 10 days would have 


been necessary to produce an oxygen- 
ation factor greater than 1.2. It 
should be noted that the water tem- 
perature was higher than normal for 
winter, hence the rate of bacterial oxi- 
dation was greater than would usually 
occur during this season when the 
available light energy is low. 

In 1954-5, Pond I was operated at 
depths of 24, 30, and 36 in. during 
the same period that Pond II was 
operated at a depth of 12 in. and a 
detention period of three days; that 
is, from November to February. 

Examination of the results for Pond 
I in this experiment, as listed in Table 
III, shows that although the B.O.D. 
loading was not high, the oxygenation 
factor varied from 0.3 to 0.8 and dis- 
solved oxygen was often present in 
the afternoon. When the detention 
period was increased to 30 days in 
February, a marked improvement in 
the condition of the pond resulted. 
The oxygenation factor increased to 
2.0, the B.O.D. removal rose to 87 per 
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cent, and dissolved oxygen was usually 
present in the pond. This result points 
to the fact that deep ponds perform 
poorly in winter unless the B.O.D. 
loading is low and the detention pe- 
riod is long. 

Figure 6 shows a comparison of the 
pounds of B.O.D. removal per acre 
per day as a function of the visible 
light energy received in Pond II (12- 
in. depth) and Pond I (24- and 36-in. 
depths) when the ponds were operated 
at the same time, with the same light 
and sewage. The numerals inside the 
circles indicate depths, detention pe- 
riods, and pond temperatures, as 
shown in the key. Tests which were 
run simultaneously are indicated by 
connecting lines. This figure illus- 
trates the important relationship be- 
tween B.O.D. removal and light en- 
ergy. It also shows that the oxidizing 
capacity of the 12-in. deep ponds per 
unit of volume is much greater than 
that of the 36-in. ponds under winter 
conditions and that the oxidizing ¢a- 
pacity of 12-in. depth ponds is con- 
siderably greater than that of the 24- 
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to 36-in. depth ponds on an areal 
basis. 


Depth-Detention Period Relationships 


In further analyzing the results of 
the pilot-pond experiments, the per 
cent B.O.D. removal is plotted as a 
function of the oxygenation factor, 
F/F,, in Figure 7. Beeause of sedi- 
mentation, atmospheric reaeration, and 
factors other than photosynthetic oxy- 
genation, B.O.D. removals less than 40 
per cent were not obtained. When the 
oxygenation factor was less than 0.6, 
the average removal of the applied 
B.O.D. was usually less than 70 per 
cent and the ponds were anaerobic 
throughout a large portion of their 
volume most of the time. 

Dissolved oxygen was rarely above 
5.0 mg. per liter and then only for 
a short time at the pond surface in 
the afternoon. As shown in Figure 7, 
as the oxygenation factor increases the 
per cent removal of B.O.D. increases 
until a maximum per cent removal is 
reached when the oxygenation factor 
is in the zone between 1.2 and 1.8. The 
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FIGURE 7.—Influence of oxygenation factor on B.O.D. removal in stabilization ponds. 
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dissolved oxygen content of the pond 
increases as the oxygenation factor in- 
creases beyond the zone of optimum 
operation. When the oxygenation fac- 
tor is larger than 1.8 the per cent 
B.O.D. removal tends to decrease. 
This decrease in the percentage of 
B.O.D. removal is believed to be due 
to the development of a high pH (up 
to about 11.0) when the algae are 
growing vigorously and removing car- 
bon dioxide from the bicarbonate 
alkalinity of the sewage. It is well 
known that the rate of bacterial oxida- 
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tion is decreased as the pH increases 
above 9.0. The usual concentrations 
of dissolved oxygen present in the 
morning and afternoon for the differ- 
ent oxygenation factors are shown at 
the top of Figure 7. 

The authors’ estimate of the pond 
condition is also indicated. Judging 
from data presented in Figure 7, it is 
evident that at an oxygenation factor 
less than 0.4 the pond is seldom 
aerobic, may frequently produce odors, 
and is considered to have failed to 
treat the waste adequately. If the 
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oxygenation factor is between 0.4 and 
0.8 the quality of treatment is consid- 
ered to be poor and minor changes in 
light or loading may cause failure. 
In the zone from 0.8 to approximately 
1.2 the B.O.D. removal may be quite 
satisfactory without extensive an- 
aerobic decomposition and the oceur- 
rence of odors is very rare. This zone 
is not recommended for design, how- 
ever, when it is desired to maintain 
almost continuous aerobic conditions. 

An oxygenation factor between 1.2 
to 1.8 inclusive will permit the main- 
tenance of almost continuous aerobic 
conditions throughout most of the 
pond. Operation within this range also 
permits changes in loading and varia- 
tions in light conditions without se- 
riously upsetting the treatment opera- 
tion. In areas where light is highly 
variable it may be desirable to increase 
the factor of safety by designing for 
an oxygenation factor of 2.0 or higher. 
When the oxygenation factor is much 
larger than 2.0 the pond is overde- 
signed, more oxygen is produced than 
is necessary, and excessive quantities 
of algae are discharged. From the 
standpoint of a safety factor an aver- 
age F'/F. value of 1.6 is arbitrarily 
used for further analysis. 

The experimental data in Tables II 
and III indicate that the loading fac- 
tor, d/D, in which an oxygenation 
factor F/F, of 1.6 is obtained, varies 
between values of 2 and 6, the smaller 
values applying to ponds of greater 
depth in winter. More extensive ob- 
servations are required to determine 
this range more accurately. 

The permissible loading factor is 
larger in summer than in winter, prin- 
cipally because the amount of light 
energy is greater and the temperature 
is more favorable. Moreover, the light 
strikes the pond surface more directly 
in summer than in winter, permitting 
greater penetration. The loading fac- 
tor is lower for a deep pond than for 
a shallow pond because the average 
light intensity is less throughout a 
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larger fraction of the volume of a deep 
pond; and because the algae develop 
a greater chlorophyll content, the di- 
lute light is utilized more efficiently. 
Because of the interaction of these and 
other complex factors there is an op- 
timum value for the loading factor, 
d/D, depending upon the light and 
temperature. 

In Figure 8 is presented the rela- 
tionship of pond depth to the required 
detention period under the limiting 
conditions of summer and winter when 
the oxygenation factor of 1.6 is used. 
The zone between the curves defines 
the permissible values of depth and 
detention period for different seasons 
at latitude 37°N. The curves deflect 
to the right because light penetration 
is a logarithmic function of depth and 
because a diminishing fraction of the 
pond volume receives adequate light 
for photosynthesis as the pond depth 
increases. The magnitude of the zone 
between summer and winter operation 
will decrease with latitude. Thus, at 
the equator there is little difference 
between depth-detention period re- 
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lationships in winter and summer, 
while at latitudes higher than 37° this 
zone will broaden considerably. 

Figure 9 presents a plot of the load- 
ing factor, d/D, as a function of de- 
tention period for winter and summer 
conditions when the oxygenation fac- 
tor is 1.6 at latitude 37°N. In sum- 
mer the depth and detention period 
for maximum loading is seen to be 
about 21 in. and 3.5 days; in winter 
these values are approximately 11 in. 
and 5 days, respectively. It is believed 
that the detention period permitting 
maximum loading during other seasons 
would be between 3.5 and 5 days, as is 
indicated by the dotted line connecting 
the maximum loading points for sum- 
mer and winter. 


Discussion 


Although stabilization ponds are de- 
signed to provide photosynthetic oxy- 
gen for bacterial decomposition, ex- 
change of oxygen with the atmosphere 
is of importance and should be given 
consideration. For example, a pond 
operating with an oxygenation factor 
of 2.0 will lose to the atmosphere more 
than one-half of the oxygen produced, 
because of the duration of periods of 
supersaturation. It is true that some 
oxygen is absorbed from the atmos- 
phere during the night when the dis- 
solved oxygen concentration in the 
pond falls below saturation, but this 
is small when compared with the oxy- 
gen lost to the atmosphere when the 
pond is supersaturated. Hence, an 
oxygenation factor somewhat larger 
than 1.0 is required to maintain the 
pond in a continuously aerobie condi- 
tion. 

The sedimentation of incoming sus- 
pended solids and of colloidal and dis- 
solved solids flocculated through bio- 
logical processes after entering the 
pond, will result in the formation of 
a sludge blanket of variable thickness 
on the bottom of the pond. This blan- 
ket appears to be more rapidly oxi- 
dized if resuspended in the liquid, be- 
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cause more oxygen is produced at the 
pond surface where light energy is 
more abundant. Thus, extent and du- 
ration of mixing becomes an important 
factor in pond operation. If light is 
limiting, stabilization ponds appear to 
attain higher oxygenation factors 
when mixing is limited than with mix- 
ing of long duration. 

On the other hand, in an abundance 
of light, amount of mixing provided 
by recirculation and agitation had only 
a slight effect on the oxygenation and 
loading factors in these tests. The 
solids constituting the sludge blanket 
will decompose aerobically on the bot- 
tom if ample dissolved oxygen is pro- 
vided and the loading is not so large 
as to increase the sludge blanket until 
a B.O.D. load larger than the oxygen- 
producing capacity of the pond is ac- 
cumulated. A pond should be loaded 
and operated in such a manner that 
equilibrium conditions are main- 
tained ; that is, the rate of sludge depo- 
sition should equal the rate of sludge 
oxidation. 

If aerobic decomposition is charac- 
teristic of an efficiently operated sta- 
bilization pond, then photosynthetic 
oxygenation by algae is essential to the 
efficient operation of heavily loaded 
stabilization ponds, because’ the 
amount of oxygen which can be ab- 
sorbed from the atmosphere for aero- 
bie stabilization is small. If aerobic 
conditions are to be maintained by the 
adsorption of atmospheric oxygen, the 
B.O.D. loading must be less than 40 
Ib. per acre per day. If a pond is 
isolated, and odorous conditions are 
permissible, higher loadings without 
photosynthesis can be used, but the 
effluent will have a high oxygen de- 
mand. This may be overcome by add- 
ing a second pond in series with the 
first. 

Excellent removals can be attained 
by operating two ponds in series, the 
first pond being anaerobic and the sec- 
ond pond aerobie. Such a practice is 
unsatisfactory in populated areas, 
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however, because the anaerobic pond 
will produce odors and unsightly float- 
ing solids. Some ponds may be found 
with an oxygenation factor somewhat 
below 1.0 which are operated without 
serious odor problems, but in these in- 
stances, although anaerobic decompo- 
sition of the sludge may be taking 
place on the pond bottom, the algae in 
the upper part of the pond are produc- 
ing sufficient oxygen to prevent an 
odor nuisance. Operation with an oxy- 
genation factor below 1.0 will permit 
higher loadings than can be attained 
when all stabilization is aerobic, but a 
small decrease in available light or in- 
creases in loading may cause the pond 
to become a septic nuisance. 

Designing to maintain an oxidation 
factor near 1.6 will assure a factor 
of safety against the development of 
‘‘runaway’’ anaerobic conditions on 
the bottom and will give buffer capac- 
ity against large increases in sewage 
strength. 

Inhibition of bacteriological oxida- 
tion under conditions of high pH is 
significant in high-rate ponds. It ap- 
pears to be the major reason for low 
B.O.D. removals in ponds having dense 
algal blooms. Ponds which operate 
with a photosynthetic efficiency greater 
than 3 per cent in summer or 6 per 
cent in winter may be expected to at- 
tain a high pH whenever the weather 
is clear and sunny. As a result of this 
the effluent may have a high B.O.D. 
Reducing the oxygenation factor, low- 
ering the detention period, increasing 
the loading, or increasing the depth 
will correct this problem. 

At Richmond, Calif. (latitude 37°N.) 
pond depth for most efficient photo- 
synthetic oxygenation is about 21 in. 
in summer and approximately 11 in. in 
winter. The corresponding detention 
times are about four and five days, re- 
spectively. In view of the small dif- 
ference between these summer and 
winter detention periods, it is doubtful 
if the detention period would change 
appreciably for other locations; how- 


453 


ever, the optimum depth would change 
appreciably for other latitudes and cli- 
mates. If an oxygenation factor of 1.2 
gave satisfactory treatment (B.O.D. 
removals of 75 to 85 per cent, and oc- 
casional anaerobic sludge on the bot- 
tom) detention periods of three days 
would be acceptable both summer and 
winter, 

In designing stabilization ponds to 
utilize photosynthetic oxygenation, it 
usually is necessary to provide more 
pond area for winter operation than 
for summer operation. This permits a 
part of the pond area to be taken out 
of operation for maintenance during 
the summer. An alternate possibility 
would be to design the ponds to have 
an oxygenation factor in summer so 
that they will be overloaded in winter 
sunlight when bacteriological oxida- 
tion is slower and more dilution water 
is available. Odor nuisances would 
probably sometimes occur under such 
conditions and would require consider- 
ation. The rate of sludge deposition 
in winter would be in excess of the rate 
of sludge breakdown so that, as previ- 
ously described, deposits would aceu- 
mulate in the ponds. These deposits 
would add to the daily loading in sum- 
mer and hence would have to be in- 
eluded in design caleulations. 

In areas where land is inexpensive, 
such as in Texas or in the Dakotas, 
deep ponds with long detention peri- 
ods are widely used. These ponds fre- 
quently do not have effluents and dis- 
pose of the water by seepage and evap- 
oration. Because of their simplicity 
and maintenance-free operation, these 
ponds ean be highly economical. Be- 
eause of the low rate of loading, these 
ponds do not ordinarily require photo- 
synthetic oxygenation, even though it 
may frequently occur. Where land is 
relatively expensive, smaller ponds 
may be more economical because they 
make efficient use of photosynthetic 
oxygen production. Because higher 


loadings are permissible in shallow 
ponds, reduction in depth may be used 
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to convert deep ponds which are an- 
aerobic and odorous into more effective 
oxygenation units which will handle 
larger loadings. 

At Richmond, Calif., B.O.D. load- 
ings of 225 to 250 lb. per acre per day 
in summer and 100 to 125 lb. per acre 
per day in winter may be applied to 
photosynthetically oxygenated stabili- 
zation ponds and at the same time 
maintain an oxygenation factor of 1.2 
to 1.8. If a lower oxygenation factor 
is permitted (with removal of a lower 
fraction of the B.O.D.) the loadings 
could be increased considerably. If an 
oxygenation factor of 0.8 to 1.2 were 
acceptable, a photosynthetic oxygena- 
tion pond operated at a 20-in. depth 
and 20-day detention period would 
handle 400 lb. of B.O.D. per acre in 
summer. Under such conditions a vig- 
gorous algal crop would be present but 
doubtlessly some nuisance would occur. 

Through analysis and results of ex- 
periments, the authors have set forth 
rational criteria that may be used as 


design parameters for stabilization 
ponds. Although the quantitative val- 


ues developed from the limited number 
of experiments reported here may not 
be exact, it is believed that their mag- 
nitude is accurate and that their use 
will permit engineers to design stabili- 
zation ponds more satisfactorily than 
has been possible in the past. It is 
hoped that these criteria and this 
method of analysis of pilot-plant data 
will be adopted by other workers, and 
that it will permit a wider collection 
of essential and significant data by 
workers in different areas, which will 
eventually provide more accurate 
quantitative information on the load- 
ing and oxygenation factors. 


Summary and Conclusions 


A theoretical analysis of the phe- 
nomena occurring in _ stabilization 
ponds for sewage treatment and their 
relationship to loading and oxygena- 
tion factors is presented. Results of 
pilot pond experiments have been an- 


SEWAGE AND INDUSTRIAL WASTES 


April, 1957 


alyzed and quantitative values of the 
loading and oxygenation factors de- 
termined. 


1. The theoretical amounts of oxygen 
which may be produced through photo- 
synthetic oxygenation at a latitude of 
37°N. are shown for various efficiencies 
for each of the 12 months of the year. 
It is shown that oxygen production by 
photosynthesis in stabilization ponds is 
solely a function of the light energy 
flux and the photosynthetic efficiency. 

2. The quantitative relationship be- 
tween waste oxygenation and photo- 
synthetic efficiency is derived and a 
method presented for computing the 
photosynthetic efficiency required to 
meet the oxygen requirements of a 
waste under various conditions of 
depth, detention period, and illumina- 
tion. This is termed the critical effi- 
ciency. 

3. The oxygenation factor, a ratio of 
efficiency actually obtained by a pond 
undergoing photosynthetic oxygena- 
tion, is divided by the critical efficiency 
and is quantitatively analyzed as a 
parameter for stabilization pond de- 
sign. An oxygenation factor of from 
1.2 to 1.8 is considered essential for the 
continuous maintenance of aerobic con- 
ditions, because oxygen is lost to the 
atmosphere during periods of good 
light and supersaturation of oxygen. 

4. Oxygenation factors above about 
1.8 which oceur in shallow ponds as a 
result of excess algal growth lead to a 
high pH in the pond, which is shown 
to inhibit bacterial oxidation of influ- 
ent sewage. 

5. The ratio of depth to detention 
period is defined as the loading factor 
for a stabilization pond. The loading 
factor, and hence the depth and deten- 
tion period, can be experimentally de- 
termined with respect to a given oxy- 
genation factor. 

6. Data from pilot-plant experiments 
show that for a fixed oxygenation fac- 
tor a maximum loading factor may be 
determined. This maximum loading 


factor differs for summer and winter 
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conditions. Under summer conditions 
the maximum loading factor is about 
5.2 at a detention period of about 3.5 
days. Under winter conditions the 
maximum loading factor is about 2.3 
at a detention period of five days. 

7. In Richmond, Calif., shallow sta- 
bilization ponds which are oxygenated 
through photosynthesis have given 
B.O.D. removals above 85 per cent on 
a sustained basis while under B.O.D. 
loads of 225 lb. per acre per day in 
summer and 100 lb. per acre per day 
in winter. 
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DISCUSSION 


By E. F. Guoyna E. R. Hermann 


Associate Professor and Research Engineer, respectively, The University of Texas, 
Austin, Texas 


A significant contribution to the de- 
sign of waste stabilization ponds has 
been made by the Research Group at 
the University of California. Much 
progress has been made towards a bet- 
ter understanding of a natural but a 
very complex biological waste treat- 
ment system. The use of algae in 
waste treatment is just beginning, and 
the prospect of obtaining a valuable 
by-product by the harvesting of algae 
is only one example of future possibili- 
ties. Most other waste treatment sys- 
tems, because of their energy reducing 
nature, have provided little opportu- 
nity for the recovery of valuable end 
products. At the present time water 
is the only useful end product avail- 
able from conventional treatment, and 
its value is frequently questioned. A 
thorough scientific approach of the 
algal-bacterial relationship in waste 
stabilization has been needed. 

The art of using green plants, 
namely algae, as tiny aeration devices 
is an excellent example of a practical 


operating procedure using an observed 
phenomenon before it was fully proven 
by theoretical considerations. Pres- 
ently, there exist at least six reasons 
why waste stabilization pond technol- 
ogy should be more fully understood. 
These are as follows: 


1. Waste stabilization pond systems 
are economical, especially for small 
communities and possibly also in many 
eases for the large cities. 

2. A small city can use its limited 
funds to expand waste collection sys- 
tems rather than pay for the building 
of secondary treatment systems. 

3. In the operation of waste stabili- 
zation ponds, highly skilled personnel 
are not required. 

4. The reclaimable water derived 
from waste stabilization ponds is read- 
ily usable for some purposes and is 
urgently needed in many areas to bol- 
ster the irrigation demands. 

5. Stabilization ponds are not nearly 
as sensitive to fluctuating organic loads 
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or excessive ground-water infiltration 
as some other forms of secondary treat- 
ment. 

6. Also the convertible and useable 
protein is a potentially valuable re- 
source, which in time will be used. 


It is to be expected that there may 
be some hesitancy in the adoption of 
all or even part of the new technical 
data being assembled on waste stabili- 
zation ponds. One main reason lies in 
the fact that considerable technique 
has been accumulated over the years in 
the use of mechanical treatment de- 
vices. Accordingly, the trend towards 
mechanization will continue regardless 
of the type of technical operating su- 
pervision so frequently provided by 
small communities. 

Technical data on waste stabilization 
pond design will probably not be used 
more fully due to the fact that land is 
fairly inexpensive and there is no need 
for efficient operation. Usually no 
consideration is given to evaporative 
losses which result from over design. 
Only a small amount of design time is 
directed towards the problem of higher 
algal counts which occur as a result 
of the unnecessarily long detention 
periods. 


Ponds in Texas 


The fact that waste stabilization 
ponds are being accepted by some com- 
munities is evident. Records at the 
Texas State Department of Health in- 
dicate that about 188 ponds are pres- 
ently in use and these have a total of 
360 cells (1,910 acres). Furthermore, 
according to the 1950 United States 
Census, these Texas ponds were serv- 
ing more than one million people. The 
largest of these cities using waste sta- 
bilization ponds as part of the over- 
all waste treatment system has a pres- 
ent population of more than 500,000. 
Other interesting statistics show that 
the dimensions (geometric mean) were 
300 ft. by 146 ft. by 3.0 ft. 

It is of particular interest to note 
that only about 5 per cent of the ponds 
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were used as primary treatment sys- 
tems. The B.O.D. loading (geometric 
mean) was about 34 lb. per acre per 
day and the average B.O.D. in the ef- 
fluent was 25 p.p.m. In Texas, where 
land is relatively inexpensive, long de- 
tention periods are used and the con- 
version of algal substance to fish life 
is practiced. Approximately 46 per 
cent of the waste stabilization ponds 
in Texas support fish life in varying 
degrees. 


Application of Basic Data 


Basically most of the research infor- 
mation substantiates the fact that de- 
tention periods of a few days and 
depths of about 1 to 2 ft. reduce the 
growing time to a point where virtu- 
ally all algae except Chlorella are elim- 
inated. This culture is then definitely 
in the logarithmic phase of its growth. 
Therefore, the more stringently a pond 
system is designed and operated with 
respect to the available light energy 
the better the treatment results. On 
the other hand, more than average 
mean annual light values must be con- 
sidered. The immediate objective of 
algal culturing is to provide enough 
algal cells to keep the system aerobic. 
Unnecessary algal production converts 
stable carbon uselessly into complex 
cell substances. 

The University of California studies 
have shown effectively that an oxyge- 
nation factor (ratio of the critical effi- 
ciency to the efficiency actually ob- 
tained by the pond) can be of consid- 
erable value to the designing engineer. 
However, many local factors can 
change the design. 

For example, evaporation and seep- 
age might actually control the design. 
(The amount of organic material per 


unit volume would increase.) During 
1954 evaporative losses in Austin, 
Texas, amounted to 91.35 in. The 


range extended from a minimum of 
3.38 in. in January to a maximum of 
12.58 in. in July. For Texas alone, 
total evaporation ranges from 120 in. 
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in the southwestern area to 56 in. in 
the southeastern section. 

Since the loading factor, as defined 
by Oswald et al., is the ratio of depth 
to detention and is a function of the 
oxygenation factor, it is important to 
consider the evaporative rates of a 
local area. The oxygenation factor is 
inversely proportional to depth and 
directly proportional to the detention 
period. Excessive algal blooms might 
result because of moderately long 
detention periods and these growths 
could easily become a nuisance. 

Since the theoretical equations were 
developed with relatively small pilot 
plants and since actual ponds are rela- 
tively large it would be interesting to 
know whether a sedimentation and an 
atmospheric reaeration factor could be 
incorporated into the basic oxygena- 
tion factor F/F,.. It appears that 
these two factors would become signifi- 
eant, particularly if various forms of 
recirculation are employed. Of course, 
if it is assumed that the material will 
be decomposed aerobically, then the 
position of the precipitates has little 
or no effect on the basic oxygenation 
factor. 

Interesting results on recirculation 
have been reported by M. Wennstrom 
(1). Recirculation appears to be very 
effective, but the exact reason for its 
beneficial value is not too apparent. 
Several factors such as better vertical 
and horizontal mixing, surface reaera- 
tion, general movement and mixing of 
finely divided suspended debris, and 
more uniform algal distribution may 
help. 
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Conclusion 


It is pointed out that the theoretical 
development and pilot studies at the 
University of California show that 
current design and loading of waste 
stabilization ponds is far too conserva- 
tive, especially in southern latitudes. 
For example, the optimum depth and 
detention period derived are about 18 
in. and 3.5 days, respectively, with a 
B.O.D. loading in the range from 225 
to 250 lb. per acre per day for summer 
operation. Similarly for winter oper- 
ation the loading has been given in the 
neighborhood of 100 to 125 lb. per acre 
per day, the depth 11 in., and the de- 
tention period 5 days. These values 
are for insolation at 37°N. latitude. 

The discrepancy between the theo- 
retical possibilities of these waste treat- 
ment devices and what is actually 
being done in practice is great. Un- 
doubtedly the best design criteria for 
these solar conditions lies somewhere 
between the values presently used and 
the theoretical values. The shorter the 
detention period the smaller the pond, 
the cheaper the initial cost, the lower 
the evaporative losses and the less the 
likelihood of excessive algal build-up. 
Of course, as in any rational approach, 
a design must be modified to compen- 
sate for abnormalities occasioned by 
deviations of the local weather as com- 
pared to the regional norm. 
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EXPERIMENTAL VERTICAL SCREEN TRICKLING 
FILTER 


By K. L. ScHuLze 


Department of Civil and Sanitary Engineering, Michigan State 
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The active part of a trickling filter 
consists of a relatively thin film of 
microorganisms which develops on the 
surface of the filter stone. It is rea- 
sonable to assume that the treatment 
capacity of a trickling filter is deter- 
mined by two main factors: (a) the 
amount or weight of active film per 
unit of filter volume and (b) the con- 
tact time between the waste and this 
film. The contact time depends on the 
depth of the filter and the hydraulic 
load. The amount of active film de- 
pends, among other factors, on the free 
surface available and the supply of 
food and oxygen. 

The biology and biochemistry of 
trickling filters have been studied by 
several workers in the field. Holtje 
(1) discussed the various groups of or- 
ganisms which constitute the film: bac- 
teria, fungi, algae, protozoa, nematoda, 
rotatoria, chaetopoda, crustacea and 
insecta. Most important of these are 
the bacteria and especially the so- 
called zooglea. Microscopie examina- 
tion shows that the bulk of the film is 
made up of countless bacteria em- 
bedded in a clear gelatinous matrix. 
Butterfield and Wattie (2) have re- 
ported 300 million bacteria per cubic 
centimeter of filter growth. Consider- 
ing the effectiveness of a trickling fil- 
ter, the amount of biological film accu- 
mulated per unit weight of filter stone 
or per unit filter volume is surpris- 
ingly small. Heukelekian (3) found 
2.5 to 4.5 g. of dry material per kilo- 
gram of filter stone or 8 to 12 lb. per 
cubic yard. 

One way to improve the efficiency of 


trickling filters would be to inerease 
the amount of active film per unit vol- 
ume. This problem immediately leads 
to the question of limiting factors. 
The thickness of the active film appar- 
ently is limited by the oxygen supply. 
The deeper layers of the film get their 
oxygen only by diffusion, which is a 
slow process. On the other hand, it 
can be anticipated that the dense bac- 
terial population encountered in these 
films has a high oxygen demand. The 
question is: how far down into the bio- 
logical film can oxygen be supplied at 
a rate sufficient to maintain aerobic 
conditions? According to the caleula- 
tions of Rahn and Richardson (4), 320 
million bacteria per milliliter reduce 
the oxygen concentration from satura- 
tion to zero in 7.5 min. They also 
found that oxygen diffused in water 
agar to a depth of 2 mm. per hour as 
measured by the oxidation of the leuco- 
form of methylene blue. It is obvious 
that such a rate of supply is entirely 
insufficient to support a heavy bacte- 
rial growth. 

In order to investigate this problem 
a filter was needed which would per- 
mit the inspection and sampling of the 
growth without disturbing or destroy- 
ing its original structure. The normal 
filter stone media are not well suited 
for this purpose. The filter has to be 
opened whenever samples are to be 
taken. For this reason, vertically sus- 
pended wire grids were used as a ecar- 
rier material. The grids or screens 
were housed in a wooden box with 
hinged glass doors. The development 
and the structure of the film could be 
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studied with greater ease and detail 
because all parts of the filter were 
readily accessible. 


Filter Design 


The flow diagram (Figure 1) shows 
the settled sewage is pumped into a 
storage tank of 1,100 gal. capacity. The 
pump is controlled by a float switch. 
A small centrifugal pump of approxi- 
mately 4.5 g.p.m. capacity discharges 
the waste continuously from the stor- 
age tank into a flow regulation box. 
By the use of an adjustable overflow 
weir the excess pumpage is returned to 
the storage tank. The recirculated 
flow is regulated by the same type of 
mechanism. Both flows enter the mix- 
ing box and from there the distribu- 
tion box. Here the flow is divided 
among seven '-in. pipes leading to 
the channels of the screen filter. Flow 
to the individual channels is regulated 
by adjustable overflow notches. From 
the channels the waste trickles down 
the wire grids and into the final set- 
tling tank. Two continuous samplers 
were installed, one at the flow regula- 
tion box to get a composite sample of 
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the incoming raw waste, and one at the 
final effluent weir. 

For adding whey or other types of 
waste, a separate 55-gal. drum was 
provided near the storage tank. The 
feed pump from this tank was con- 
trolled by an adjustable float switch, 
so that various amounts of whey could 
be added each time the storage tank 
was filled up. 

Figure 2 shows details of the dis- 
tributing box and the screen filter. 
The incoming waste or waste mixture 
is divided into seven equal parts by the 
overflow notches which can be turned 
up or down. In order to prevent clog- 
ging, a stirrer was installed. For 
sampling and checking purposes there 
are two valves in each line leading to 
the screen channels. The channels are 
made of sheet metal, 1 in. by 1 in. in 
size with the wire screens soldered to 
one side. The screens are 4-in. mesh, 
3 ft. by 6 ft. in size and protected by 
latex paint. 

Uniform distribution of the flow 
over the length of the channel was one 
of the major problems encountered in 


operating the filter. After several 
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FIGURE 1.—Flow diagram for vertical screen trickling filter. 
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FIGURE 3.—Laboratory experimental vertical screen trickling filter. 


trials, pieces of copper wire were sol- 
dered at 14-in. intervals along the side 
of the channel like riders on a piece of 
eardboard. The wires act like wicks 
and the waste flows over practically 
all the screen strands. The dimensions 
of the screens and the filter box are 
shown in Figure 2. 

Seven sereens are arranged in paral- 
lel, 2-in. apart, so that they occupy a 
volume of 18 eu. ft. (1 ft. by 3 ft. by 
6 ft. or % of a cubie yard). The hori- 


= 


FIGURE 4.—Close-up of channels with 
screens attached. 


zontal surface area of the filter is 3 sq. 
ft., and computations on hydraulic 
loading are made on this basis. 
Springs attached to the sides of the 
screens are used to hold them in a 
straight vertical position. The screens 
are housed in a wooden box with two 
large glass doors, one at the front and 
one at the side (Figure 3). By open- 
ing these doors all parts of the screens 
are accessible for taking photographs 
or samples. Figure 4 shows the chan- 
nels with the attached wires. 


Filter Operation 


The filter can be used with or with- 
out recirculation, as a low- or high-rate 
filter. For standard low-rate filters a 
hydraulic load of 1 to 4 m.g.a.d. 
common. This would correspond to 70 
to 280 ¢.p.d. or 180 to 720 ml. per min- 
ute on the experimental filter. It was 
found that flow rates less than 720 ml. 
per minute were too low to provide an 
even flow over the screens. With flows 
above 800 ml. per minute good contin- 
uous runs were possible. Therefore, 
all experiments without recirculation 
started at flows from 800 to 900 ml. 
per minute, corresponding to hydrau- 
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TABLE I.—Vertical Screen Trickling Filter 
Data* for Settled Sewage Plus Whey 


B.O.D. (p.p.m.) | pop. | 
Recirce. | Load 

Ratio (Ib./eu 

| yd./day) | 


B.O.D. 
| Reduction 
(%) 


[=>) 


samples. Hydraulic load 8 to 14 


lic loads of approximately 4.5 m.g.a.d. 

Daily cleaning of the regulation and 
distribution boxes was required to keep 
the fluctuation of the feed rate within 
a reasonable range of plus or minus 
100 ml. per minute. In addition, the 
actual amount of waste pumped to the 
filter per day was known from the 
gauge glass readings at the storage 
tank. The adjustable overfiow notches 
in the distribution box and the screen 
channels were brushed daily to prevent 
clogging. 


First Test Data 
Efficiency 


The first trial run of the filter was 
made with settled sewage plus added 
whey. From 4 to 5.5 g.p.d. of whey 
were used together with 80 to 210 
g.p.d. of settled sewage. The recircu- 
lation ratio varied from 1:4 to 1:10, 
the organic load from 0.21 to 2.34 Ib. 
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of B.O.D. per cubic yard per day. 
This corresponds to hydraulic loads of 
8 to 14 mg.ad. The raw B.O.D. val- 
ues varied from 150 to 1,050 p.p.m., 
the final effluent from 8 to 208 p.p.m. 
and the filter efficiency from 66 to 95 
per cent (Table I). Due to many tech- 
nical difficulties in the first run and 
due to the fact that no continuous 
sampling was installed initially, the 
significance of these data is limited. 
They prove though that this type of 
filter is at least able to produce the 
same results as a conventional filter. 


Filter Growth 


More interesting were the observa- 
tions on the filter growth. A light 
cream and grey colored growth devel- 
oped on the screens after three days 
of operation. Figure 5 shows the 


growth after 32 days of operation. 
Heavy layers of film developed up to 
a total thickness of approximately 5% 
in. or 16 mm. Sloughing occurred in 
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FIGURE 5.—Biological film after 32 
days of operation with sewage and whey. 
The black area is an inner zone revealed 
by sloughing of the film. 
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large patches. In the sloughing areas 
it became apparent that the growth 
consisted of several layers, a creamy 
white layer on top and a black zone 
underneath it. Another characteristic 
feature was the appearance of stalac- 
tite growth at the ends of the screens. 
Figure 6 shows one of these stalactites 
in a Petri dish with one section re- 
moved to demonstrate the top layer 
and the black zone inside. 

The appearance of the biological film 
after 41 days of operation is shown in 
Figure 7. The interesting point here is. 
that there are several different types of 
bacterial colonies: (a) creamy white, 
(b) clear gelatinous, (c) light brown 
lumps. The creamy white layer 
proved to be Beggiatoa alba, a sulfur 
bacteria; the clear gelatinous colonies 
consisted of a gram negative rod, zoo- 
gleal bacteria; and the brown lumps 
were formed by a fungus. 

According to these observations the 
growth develops to a maximum total 
thickness of about 14 in. or 6 mm. on 
each side of the sereen. Sloughing 
then occurs, probably due to the 
weight of the growth. New growth 
starts to appear immediately after the 
sloughing. Furthermore, there are in- 
dications of the development of defi- 
nite aerobic and anaerobic layers 


FIGURE 6.—Close-up of stalactite 


growth showing outer aerobic layer (grey) 
and black inner zone. 
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FIGURE 7.—Growth after 41 days of 
operation with sewage and whey. Note 
creamy white, clear gelatinous, and light 
brown growths. 


whenever the depth of the biological 
film is more than 2 mm. 


Second Test Data 


After several technical changes in- 
cluding the installation of continuous 
samplers and new uniform screens, the 
next experiment was started by using 


TABLE II.—Vertical Screen Trickling 
Filter Data* for Settled Sewage 
Without Recirculation 


B.O.D. (p.p.m.) 


Hydraulic 
ad 


Reduction 


(m.g.a.d.) yd./day) (%) 


Final 
Effi. 


4.9 
4.9 
4.9 
4.9 


0.05 
0.05 
0.057 
0.076 
0.165 
0.225 
0.29 
0.294 
0.315 
0.315 
0.35 
0.443 
0.516 


87.5 
87.5 
73.4 
83.4 


oo 


* 24-hr. composite samples, 
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FLOW - mil per minute 
3 


CONTACT TIME 


FIGURE 8.—Flow rate and contact time 
relationship. 


settled sewage alone. The hydraulic 
load was adjusted to about 4.5 m.g.a.d. 
and later to about 10 m.g.a.d. Recir- 
culation was not used. The data for 
these runs are given in Table IT. 


Efficiency 
The B.O.D. values of the settled sew- 


age used as feed were very low, rang- 
ing from 12 to 72 p.p.m.* The load in 
pounds of B.O.D. per day per cubic 
yard varied from 0.05 to 0.44. The 
effluent B.O.D. values varied from 1.5 
to 13 p.p.m. and the plant efficiency 
ranged from 73 to 90 per cent B.O.D. 
removal. This is good performance 
considering the fact that the filter was 
operated under high hydraulic loads 
without recirculation. Under these 
conditions the waste is in contact with 
the biological film for only a short 
time. Tests with methylene blue 
added to the waste showed that the 
contact time ranged from 8 to 36 see. 
according to the flow rate. The tests 
were made by first measuring the flow 
rates for a number of individual 
strands of one screen. The rates were 


* These values are lower than they should 
be. The discharge line from the continuous 
sampler was 8-ft. long during these runs. 
The growth in this line resulted in further 
treatment of the sample collected. This error 
was eliminated in later experiments. 
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found to vary from 1 to 15 ml. per 
minute. Then the time was measured 
for the methylene blue to appear at 
the end of the tested strands. The 
data are plotted in Figure 8. As 
would be expected, the contact time 
decreases with increasing flow rate. 
Filter Growth 

The biological film that developed 
under the conditions of the second test 
was quite different from that previ- 
ously observed. It was light or dark 
brown in color and never increased to 
more than 1 to 2 mm. in thickness. 
Only the heavier growths showed the 
formation of a separate outer layer. 
Even then no pronounced development 
of a black anaerobic inner zone could 
be found. The film was much more 
fragile than the growth obtained with 
sewage plus whey. Sloughing seemed 
to occur continuously in small amounts. 

Figure 9 shows the growth formed 
after 13 days of operation. The differ- 
ence between the growth shown in Fig- 
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FIGURE 9.—Biological growth after 
13 days of operation with settled sewage 
alone. 
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ures 5 and 7 and that shown in Figure 
9 is quite striking. After six weeks 
whey was added at a rate of 4 gal. per 
day in order to increase the B.O.D. 
load, while the hydraulic load re- 
mained at the same rate of approxi- 
mately 10 m.g.a.d. The organic load 
increased to 1.5 lb. of B.O.D. per cubic 
yard per day and the plant efficiency 
decreased to about 60 per cent. 

Three days after the addition of 
whey had started, the growth on the 
screens showed a marked change back 
to the same appearance it had during 
the first experiment. The milky white 
layers of Beggiatoa alba, the inter- 
spersed gelatinous colonies and the 
black anaerobic inner zone reappeared. 


Microscopic Studies 


Investigation of the finer structure 
of the biological film and especially the 
aerobic layer proved to be difficult. 
Several techniques were tried in order 
to obtain thin sections of the material. 
Portions of the growth were removed 
from the screens, preserving their 
original structure as much as possible. 
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This was achieved by dropping the 
samples into a fixation fluid, such as 
10 per cent formaldehyde or Carnoy’s 
mixture (chloroform, acetic acid and 
formaldehyde). Part of this material 
was then embedded in agar, frozen, 
and cut by hand. The major portion 
was transferred through a series of 
alcohol concentrations into xylol and 
paraffin. The paraffin blocks were sec- 
tioned on a microtome into slices of 
10» thickness, and the sections were 
stained and mounted in Canada bal- 
sam. A considerable number of these 
sections were damaged during prepa- 
ration, but those remaining intact re- 
vealed, under the microscope, that the 
microbial film had a characteristic 
structure and organization, compara- 
ble to that of a higher organism. 
Figure 10 is a microphotograph of 
one of the handmade sections under 
surface lighting. On top is a thin 
layer formed by the fine strands of the 
sulfur bacteria Beggiatoa alba. This 
layer (No. 1) covers another layer 
(No. 2) which is a heavier growth con- 
sisting mainly of zoogleal bacteria that 


FIGURE 10 Ot eye oy of a section of microbial film made under surface = 


ing conditions. 


The white strands are Beggiatoa alba, the grey mass is composed of 


zoogleal bacteria. (Objective 40 x, ocular 10 x.) 
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sometimes show organized growth and 
subdivision in separate groups. Under- 
neath is a more spongy material which 
gradually leads into the deeper black 
zone where anaerobic conditions pre- 
vail. This black zone could be termed 
layer No. 3. 

Figure 11 is a microphotograph of 
one of the microtome 
higher magnification. It shows the top 
layer of Beggiatoa alba and part of 
layer No. 2 formed by zoogleal bacteria. 

Figure 12 is another microphoto- 
graph of a handmade section showing 
the difference between the aerobic and 
anaerobic zones. The area selected for 
photographing is where layer No. 2 
ends and the black anaerobic zone be- 
gins. The bacteria forming this par- 
ticular part of the aerobic layer are 
not of the normal zoogleal type. They 
show organized growth in fine strands 
pointed toward the surface of the film. 
Probably they belong to the genus 
Sphaerotilus. All the sections shown 


sections at a 


FIGURE section of 


11.—Microtome 
the biological film. (Objective 40 x, ocular 


10 Xx.) 
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FIGURE 12.—Microphotograph of the 
aerobic layer and the black anaerobic 
zone. 


were made from samples of the filter 
microbial film obtained while treating 
sewage plus whey. 

In layer No. 3 previously aeceumu- 
lated organic matter, including pro- 
tein, is decomposed and hydrogen sul- 
fide and iron sulfide are formed. This 
accounts to a large extent for the black 
color of this zone. Beggiatoa is one of 
a group of sulfur bacteria which utilize 
hydrogen sulfide as its energy source. 
Instead of using carbohydrates as a 
hydrogen donor this organism is spe- 
cialized in the oxidation of hydrogen 
sulfide to sulfur and sulfuric acid. 
Accordingly a pronounced growth of 
Beggiatoa should occur only in the 
presence of oxygen and a steady sup- 
ply of hydrogen sulfide. Unless the 
waste itself contains hydrogen sulfide, 
this condition exists normally in the 
vicinity of anaerobic zones. Appar- 
ently in a trickling filter, these bacte- 
ria can be looked upon as an indicator 
of the presence of an anaerobic zone. 
In accordance with this hypothesis, a 
pronounced growth of Beggiatoa has 
been found regularly when the biologi- 
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eal film on the sereens developed to 
more than 2 mm. in depth and when a 
black anaerobic layer was present. 

Attempts to measure exactly the 
depth of the aerobic layer have not 
been successful to date. From the ob- 
servations, 2 mm. seems to be the maxi- 
mum. This is in agreement with the 
work of Rashevsky (5) whose biophysi- 
eal computations show that clumps of 
tissue or cells must be less than about 
1 mm. in diameter if anaerobie condi- 
tions at the center are to be avoided. 
The computations were made under 
the assumption that oxygen is supplied 
by diffusion alone. The critical size 
depends, of course, on the rate of oxy- 
gen consumption (QO,) of the particu- 
lar cell type or organism and on the 
permeability of the enclosing mem- 
branes. 


Conclusion 


Some of the observations reported 
here are of practical interest. The 
depth of the microbial film in a trick- 
ling filter should not develop to more 
than 2 or 3 mm. if anaerobie zones are 
to be avoided. Strong waste, such as 
dairy waste, in combination with low 
hydraulic loads tends to build up a 
heavy growth. This offers an explana- 
tion for the clogging tendency in trick- 
ling filters treating dairy wastes. 


Summary 


An experimental trickling filter has 
been described which uses vertically 


RESEARCH FORUM—VERTICAL SCREEN FILTER 


467 


suspended wire screens as a carrier 
material for the biological film. Treat- 
ment results with this type of filter 
have been shown to compare favorably 
with conventional filters. The develop- 
ment and the finer structure of the bio- 
logical film have been microscopically 
studied and the presence of aerobic 
and anaerobic layers demonstrated. 
The maximum depth of the aerobic 
zone appears to be approximately 2 to 
3 mm. 
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HELP YOUR MEMBER ASSOCIATION GROW! 


How long has it been since you suggested membership in your 
Member Association to an associate or the man concerned with 
sewage or industrial wastes in a neighboring community? Help 
acquaint him with the advantages of membership by bringing him 
in contact with your Member Association Secretary, whose name 
and address is listed on page 140a in this issue of the Federation 
Journal. 
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House building in the United States 
is proceeding at a record pace. Dur- 
ing 1955, 1,309,500 non-farm, privately 
financed, single family dwellings were 
constructed. House builders estimate 
that by the mid-1960’s the industry 
will produce 2,000,000 houses per year. 
The formation of family units has been 
used as an index of housing demand. 
When it is considered that the babies 
of the war years will reach a marriage- 
able age during the mid-1960’s, the 
estimate appears entirely reasonable. 

Land serviced by sewerage facilities 
within the corporate limits of major 
cities is scarce, and such land is be- 
coming increasingly expensive. As a 
result virtually all privately financed 
housing is being built in subdivisions 
on the outskirts of cities. The recent 
enactment of the Federal Highway 
Bill will probably result in super high- 
ways leading into the heart of all 
major cities and will further stimnu- 
late the dispersal of housing. 

As metropolitan areas expand it be- 
comes increasingly difficult to extend 
the central sewerage system, especially 
to include small seattered groups of 
houses. Unfortunately, the major frac- 
tion of construction results from small 
groups of houses that are not contigu- 
ous to sewered areas. Even if cost 
permitted, it would be unwise to ex- 
tend small trunk sewers in _helter- 
skelter fashion to serve individual 
groups of new houses as the area de- 
veloped. 

In addition to cost, there are other 
factors which make the extension of 
city sewers difficult. Existing sewers, 
especially in the upper reaches of the 
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system, may have insufficient capacity 
to carry the additional load. If the 
treatment plant is operating at or near 
its capacity, authorities may refuse ad- 
ditional connections until the plant is 
expanded. In many cases the metro- 
politan area has outgrown the natural 
drainage basin, and new housing is 
being built on the reverse slope. There 
the choice is between a new gravity 
system flowing in the other direction or 
pumping stations with pressure mains. 
There is a price that would remove 
each of these obstacles, but it is no 
easy matter to float a bond issue or 
to raise funds within a city to provide 
capital improvements primarily to 
service homes beyond the corporate 
limits. 

Under these circumstances a great 
deal of planning, foresight, and perse- 
verance are needed to obtain proper 
sewage disposal from the building of 
the first house to the full development 
of the area. Although the situation 
is too complex for anything other 
than generalization, the following plan 
seems to have practical merit. Each 
subdivision would include a _ sewer 
system connecting to a small treatment 
plant. At the proper time a sewerage 
district would be formed and these 
small plants could be abandoned in 
favor of intercepting sewers and a 
plant large enough to serve the entire 
district. The problem of ownership 


and operation of small plants can be 
and is being solved in several ways 

The real key to the success of the 
scheme lies in the suitability of the 
In this re- 


sewage treatment plant. 
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spect the problem facing the large de- 
veloper isn’t nearly as severe as that 
facing the small builder. Considering 
small groups of houses, it is apparent 
that a plant must be low in first cost. 
and must operate at a low cost per 
house per month with very little op- 
erating attention. In spite of the 
economy requirements, the plant must 
deliver a safe effluent without creating 
a nuisance. 

To obtain low cost and minimum 
maintenance, the scheme must be kept 
simple, and simplicity can be obtained 
with the anaerobic process (2). For 
this reason, the Robert A. Taft Sani- 
tary Engineering Center undertook a 
series of studies to determine if a safe 
nuisance-free effluent could be obtained 
when domestic sewage was given com- 
plete anaerobic treatment. 


Laboratory Investigation 
Experimental Apparatus 


A laboratory model of an anaerobie 
sewage treatment plant was assembled 
as shown in Figure 1. Sewage was 
obtained from a residential sewer and 
constantly stirred in the feed bottle. 
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The whole sewage was then pumped 
to the sludge contact chamber at a 
rate of 4.5 cu. em. per minute or 6.5 
l. per day. Feed entered the contact 
chamber near the bottom and flowed 
upward through the sludge to a siphon 
located at about the one-third depth 
point. By means of the siphon, liquid 
was conveyed to the bottom of a rock- 
filled column and passed upward 
through the column. Final effluent 
flowed through a trapped outlet and 
was collected in a jar large enough to 
hold the entire day’s flow. 

The sludge contact chamber had a 
capacity of 9 1. and was seeded with 
1 1. of sludge taken from an active 
digester. The rock column was com- 
posed of a 3-in. base course of 34- to 
%-in. gravel supporting 12 in. of 14- 
to 14-in. gravel and contained in a 
section of 3-in. glass pipe. The voids 
ratio was approximately 0.4, giving a 
liquid capacity of 700 ml. and a theo- 
retical retention of 2.5 hr. A constant 
displacement pump of the Britting- 
ham type, the only mechanical equip- 
ment in the setup, was used to lift 
sewage into the contact chamber and 
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FIGURE 1.—Schematic drawing of the anaerobic contact treatment unit for 
domestic sewage. 
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FIGURE 2.—B.0O.D. performance of laboratory unit. 


to regulate the flow. Flow through the 
rest of the system was by gravity. 


Procedure 


A trial run was made at room tem- 
perature to test the workability of the 
scheme. A period of one month was 
sufficient to demonstrate that the unit 
could be operated with only a little 
attention. In addition, a clear efflu- 
ent practically free of odor and low 
in suspended solids and B.O.D. was 
produced. The sludge volume de- 
creased slightly and some material ac- 
cumulated in the rock column, but 
there was no measurable increase in 
head loss. At the end of the run, a 
plug was removed from the bottom of 
the rock column and the column was 
allowed to drain. As it emptied, the 
deposit also came out leaving the rock 
purged and cleaned. 

After the workability of the labora- 
tory unit was substantiated, a plan 


was devised to test it under severe 
temperature conditions. The unit was 
cleaned, dismantled, and reassambled 
in a constant temperature room set 
at 4° C. A new supply of anaerobi- 
cally stabilized sludge was used in the 
sludge contact chamber and new rock 
was used in the column. After 10 
weeks at 4° C. the temperature was 
increased in three increments of 7° C. 
each with three days for adjustment 
after each increase so that in a period 
of less than two weeks the temperature 
was adjusted from winter to summer 
values. During the next 24 weeks the 
unit was operated at room temperature 
(approximately 25° C.) and for the 
final six weeks the temperature was 
again dropped to 4° C. 


Results 


The removal rate of 5-day B.O.D. is 
shown in Figure 2. Plotted values are 
5-day weekly averages. During the 
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cold period, removals ranged between 
55 and 80 per cent, averaging 67 per 
cent. At room temperature, removal 
ranged between 80 and 90 per cent 
and averaged 82 per cent. The con- 
centration of 5-day B.O.D. in the efflu- 
ent was independent of fluctuations 
in the strength of the raw sewage, but 
it was affected by temperature. Efflu- 
ent B.O.D. values varied from 10 to 
35 p.p.m. at room temperature and 
rose to 40 to 90 p.p.m. at 4°C. Sew- 
age for the experiment, taken from a 
manhole in a residential district of 
Cincinnati, was free of industrial 
waste, but it was influenced by rain- 
fall and snow runoff. The average 
B.O.D. value of the sewage fed to the 
unit was 179 p.p.m., but sewage as 
weak as 42 p.p.m. was used on one day. 

If in passing through the unit the 
character of the effluent was altered 
to give a substantial lag phase in the 
B.O.D. curve so that the 5-day value 
was low in spite of a potential high 


100 


471 


demand, dangerously misleading re- 
sults would be obtained. To check 
this possibility, two  time-sequence 
studies were made on both the influent 
and effluent. These studies demon- 
strated that there was no lag in the 
effluent B.O.D. and that the 5-day 
values could be compared to give a 
satisfactory parameter for the effi- 
ciency of the unit. 

The suspended solids removals 
shown in Figure 3 were exceptionally 
high at both cold and warm conditions. 
The sudden change from cold to warm 
had some effect, but with the excep- 
tion of the transition period, removals 
were usually in excess of 95 per cent. 
Effluent suspended solids content 
varied from 2 to 20 p.p.m. and aver- 
aged 9 p.p.m. for the entire run. A 
considerable quantity of solids, either 
growth or sediment, was trapped in 
the rock, but there was never any in- 
dication of unloading or clogging. 

Dissolved oxygen determinations 
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FIGURE 3.—Suspended solids performance of laboratory unit. 
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FIGURE 4.—Laboratory anaerobic contact unit. 


were made periodically throughout the 
system and were found to be zero in 
every case. The effluent pH was uni- 
formly on the alkaline side, ranging 
from 7.4 to 8.0. The effluent, though 
slightly colored, was clear and sur- 
prisingly free of odor. Hydrogen sul- 
fide could be detected only on close 
examination. Figure 4 clearly shows 
the contrast between influent and efflu- 
ent during operation of the unit. 


Loveland, Ohio, Pilot Plant 
Experimental Apparatus 


With the consent and cooperation of 
the village officials, a pilot plant was 
constructed at the site of the Love- 
land, Ohio, sewage treatment plant 
and put into operation during the last 
week of July, 1956. Loveland, a resi- 
dential community near Cincinnati, is 
served by a plant incorporating com- 
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minution, primary and secondary set- 
tling, trickling filters, and separate 
sludge digestion. 

The pilot plant takes comminuted 
sewage from the primary influent and 
discharges back into the primary efflu- 
ent. A cutaway drawing of the plant 
is shown in Figure 5. Flow is regu- 
lated by means of a Moyno constant 
displacement pump and a _ variable 
speed motor. Sewage enters the 1,240- 
gal. cone-shaped contact tank at the 
bottom, flows upward through the 
sludge blanket, and passes out through 
the baffled outlet at the top. Gas is 
collected in the manhole equipped with 
a water-sealed lid and conveyed 


through a check valve and a meter to 
the atmosphere. 

Liquid enters the 4-ft. by 4-ft. rock 
column at the bottom and passes up- 
ward through 4 ft. of 114- to 21-in. 
rock supported on a false bottom. 
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The final 150 gal. provide settling ca- 
pacity and rock cover. Effluent leaves 
the unit by means of an adjustable 
overflow weir. The height of the weir 
establishes the liquid level in both 
units. Total capacity of the pilot 
plant is approximately 1,640 gal., vary- 
ing somewhat with the weir setting. 


Initial Trial Without Seed Sludge 


The plant was started without seed 
sludge to determine the time required 


to establish acceptable removal of 
B.O.D. and suspended solids, and 
whether or not nuisances would de- 


velop. <A feed rate of 1.2 g.p.m. was 
selected to give a theoretical displace- 
ment time of 24 hr. A flow-through 
test using a radioactive tracer indi- 
cated that in the absence of a thick 
sludge blanket the true retention time 
was more nearly 16 hr. Future tests 
will be made at higher sludge levels to 
determine if tank modifications are de- 
sirable. 


The B.O.D. removal efficiency (Fig- 
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ure 6) started at 49 per cent and in- 
creased slowly to a weekly average of 
65 per cent after seven weeks. As in 
the laboratory experiment, the B.O.D. 
value of the effluent was independent 
of fluctuations in the strength of the 
raw sewage fed to the unit. The dip 
in performance during the sixth week 
is probably due to mechanical failure. 
The pump intake became partially 
clogged and the powerful positive dis- 
placement action of the pump pulled 
enough air through the packing and 
joints to thoroughly roil the tank. 
This condition existed for several days 
before it was corrected. 

Suspended solids removals as shown 
in Figure 7 were good from the start 
of the test. After the first two weeks. 
the suspended solids content in the 
effluent decreased from 40 p.p.m. to ap- 
proximately 20 p.p.m. The mechani- 
eal disturbance which occurred in the 
sixth week was reflected in the sludge 
effluent but was hardly noticeable in 
the final effluent. 
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FIGURE 5.—Cutaway drawing of the Loveland, Ohio, pilot plant. 
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Sludge built up slowly in the unit 
with only 8 cu. ft. accumulated in 
seven weeks. Solids content was 5 per 
cent, with 71 per cent volatile. During 
the seven-week run, 160 lb. of dry 
suspended solids were removed from 


the sewage, but only 25 lb. of dry 
sludge solids accumulated. It is pre- 


sumed that the 84 per cent loss is ac- 
counted for in gasification and liquifi- 
cation. Considering the absence of 
seed and the short run of the experi- 
ment, it is unlikely that the apparent 
rate of sludge accumulation has any 
practical significance. However, it is 
apparent that a well-compacted sludge 
will accumulate at a rather slow rate. 

Gasification was evident in the 
sludge contact chamber after the third 
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week; however, with the exception of 
isolated floating particles, seum never 
did form. 

Sulfide concentration was undesir- 
ably high. Using the methylene-blue 
method and expressing the results as 
sulfur, the concentration in the sludge 
contact effluent was approximately 8 
p-p.m. Surprisingly, the concentration 
was roughly doubled during the addi- 
tional 6 hr. of theoretical displacement 
time in the rock column, giving a final 
effluent value of 16 p.p.m. 

Sulfate is reduced in _ passing 
through the process and there is reason 
to believe that sulfur as well as sul- 
fide is a product of this reduction. If 
so, the mechanism should be explored 
to determine if regulation 
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FIGURE 6.—B.O.D. performance of Loveland, Ohio, pilot plant. 
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FIGURE 7.—Suspended solids performance of Loveland, Ohio, pilot plant. 


would promote sulfur production and 
inhibit the formation of sulfide. Sev- 
eral attempts at this investigation 
were thwarted for lack of a good 
method for the determination of free 
sulfur. Colorimetric methods depend- 
ing on conversion of solvent-extracted 
sulfur to thiocyanate, and subsequent 
determinations as ferric thiocyanate, 
were unsuitable because of an inter- 
fering yellow color in the extract. 
Nesselson * successfully adopted a 
method from Uhrig and Levin (3), 
and demonstrated trace quantities of 
free sulfur in the effluent. A white 
deposit which formed at the outlet 
weir of the pilot plant contained 18 
per cent sulfur by dry weight. 
Effluent pH was on the alkaline side 
ranging from 7.2 to 7.8 Effluent from 
the pilot plant never attained the clar- 
ity of that from the laboratory unit. 


*Eugene J. Nesselson, Senior Assistant 
Sanitary Engineer, Robert A. Taft Sanitary 
Engineering Center, Cincinnati, Ohio. 


Figure 8 shows a comparison of the 
pilot-plant influent and effluent during 
the fifth week of operation. The efflu- 
ent has continued to improve in ap- 
pearance, and at a higher sludge level 
it is anticipated that effluent as clear 
as that in the laboratory can be pro- 
duced in the field. 


Discussion 


In reference to the anaerobic proc- 
ess, one is likely to think of the septic 
tank or the sludge digester. However, 
the scheme employed in these investi- 
gations is more nearly kin to the con- 
ventional aerobic processes. The raw 
waste is first brought into contact with 
biologically active sludge where coagu- 
lation and bio-precipitation take place. 
Sludge particles are then separated 
and the treated liquid passes out of 
the unit. Sludge is constantly washed 


by the incoming sewage which prevents 
the accumulation of volatile acids and 
other soluble waste products. 
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FIGURE 8.—Comparison of pilot-plant influent and effluent. 


The first unit in this scheme is simi- 
lar to the ‘‘biolytic tank’’ investigated 
by Winslow and Phelps (4) in 1910. 
Using a detention time of 8.5 hr., 
they concluded that the removal of 
suspended solids was as good as that 
obtained in a septic tank, and the 
liquification of deposited solids (72 
per cent) was distinctly better than 
the septic tank. However, some years 
later Frank and Rhynus studied the 
**biolytie tank’’ under Phelp’s (5) di- 
rection and found it to be unsatisfac- 
tory. 

In recent years a number of investi- 
gators have used the anaerobic process 
in the same manner as activated sludge. 
The work of Schroepfer et al. at 
Austin, Minn. (6) and that of Hicks 
(7) at Auckland, New Zealand, are 
outstanding examples. These investi- 
gators have demonstrated good results 


when an efficient method of separating 
sludge and effluent was employed after 
bringing the raw waste into contact 
with active anaerobic sludge. 

The scheme investigated at the Sani- 
tary Engineering Center incorporated 
these two principles and maintained 
the basic simplicity so necessary for 
the problem of the small subdivision. 
In laboratory experiments the hy- 
draulie sludge-blanket type of contact 
seemed to be superior to mechanical 
stirring. Anaerobic sludge is  ex- 
tremely fragile and unless mechanical 
stirring is carefully regulated the par- 
ticles are shattered and form a fine sus- 
pension that is difficult to separate. 

From the data thus far obtained it 
is difficult to make a case for the rock 
eolumn. Some additional B.O.D. and 
suspended solids removals are ob- 
tained, and the rock was especially 
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beneficial during the period of upset 
in the sixth week. 

Although a nuisance did not de- 
velop at the pilot plant, the high sul- 
fide content of the effluent is a real 
threat to the success of the scheme. 
There are a number of ways to sup- 
press or destroy the sulfides including 
aeration, chlorination, or possibly the 
addition of chemicals. However, any 
such arrangement would undermine 
the basic simplicity of the plant. Be- 
fore adding another unit process it is 
desirable to determine if sulfides can 
be suppressed by increasing the seed 
sludge or adjusting the load on the 
system. 


Conclusions 


1. There is need for a low cost, effi- 
cient sewage treatment plant tailored 
to the needs of small groups of houses. 
The plant must utilize a simple scheme 
to permit operation at a low cost per 
house per month with little attention. 
Nuisance-free operation is probably 
more important than exceptionally 
high B.O.D. removal. 

2. An inoffensive effluent low in 
B.O.D. and very low in suspended 
solids was produced in the laboratory 
with a simple anaerobie contact sys- 
tem. 

3. A 1,640-gal. pilot plant at Love- 
land, Ohio, was started without seed 
sludge and operated for seven weeks. 
Although the sulfide content of the 
effluent was relatively high, no real 
nuisance developed. Suspended solids 
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removals were high, and approxi- 
mately 84 per cent of the solids re- 
moved were destroyed in the sludge 
contact unit. The B.O.D. removal was 
mediocre, ranging from 50 per cent at 
the start to 65 per cent at the end 
of the seven-week test run. 

4. Digested sludge is being added to 
the Loveland pilot plant and operation 
will continue to be observed during the 
winter at a higher sludge level. 
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Annual Meeting, Federation of Sewage and Industrial Wastes 
Associations, Hotel Statler, Boston, Massachusetts. 


OCTOBER 7-10, 1957 


THE OPERATOR’S CORNER 


ConpucTEep By DonaLp P. ScHIrsswoHL 


EMPLOYEE SAFETY 


A REPORT OF THE SAFETY COMMITTEE * 


The Committee has attempted to 
summarize the data received from sev- 
eral of the committee members during 
1955 and 1956. Included in this sum- 
mary are references to several publica- 
tions that have wide circulation in the 
field of safety (1)(2)(3)(4)(5). In 
addition, many of the larger cities such 
as Cleveland, New York City, Balti- 


more, Detroit, Columbus, Portland, 
Milwaukee, Los Angeles, and Min- 


neapolis publish annual reports, usu- 
ally of a statistical nature. These an- 
nual reports are valuable to the pro- 
fessionals actually engaged in safety 
administration. They evaluate dollar- 
wise the progress of safety programs. 

Since the publication of ‘‘Occupa- 
tional Hazards in the Operation of 
Sewage Works’’ (1), in 1944, the 
whole field of safety practice has ex- 
panded greatly. This seems to be par- 
ticularly true in industry following 
World War Il. To a lesser extent 
municipal administrations are now be- 
ginning to see the light. As Emerson 
once said, ‘‘the history of the state 
follows at a distance the delicacy of the 
aspirations of the people.’’ 

Committee recommendations to the 


* Presented to the 1956 Federation Board 
of Control; Los Angeles, Calif.; Oct. 7, 1956. 
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Editor’s Note—The Safety Committee was created in 1954 for the purpose of 
maintaining close liaison between the Federation and the National Safety Council in 
fields common to both organizations. 


3oard of Control are difficult to pre- 
pare. M.O.P. No. 1 is a safety manual 
of very high calibre—equal to the best 
of its kind. If the information in this 
manual were universally used in the 
field, accidents and deaths would be re- 
duced at least 75 per cent. The result- 
ant dollar saving would be a huge sum, 
in addition to the alleviation of human 
suffering. Any safety manual can only 
be a useful tool; it cannot function as 
a safety program. 

Recognition of the importance of 
safety equal to any existing function 
of the Federation is the first step. 
There are several reasons: 


1. Preventing employee injuries is 
humane, 

2. Accident prevention is good man- 
agement, 

3. Accident prevention is important 
in public relations, and 

4. Accidents are financially costly. 


The responsibility of management 
for low-cost sludge disposal is of no 
greater importance than the responsi- 
bility for safety. Concern for the 
safety of the worker is certainly no 
less important than fringe benefits or 
salary schedules. 

Aecident control is good manage- 
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ment. Accidents and injuries are 
warning signals of faulty operations 
and reveal the need for correction in 
design, training, equipment, procedure, 
or personal action. These warning sig- 
nals frequently indicate administra- 
tive incompetence or indifference. 

Accident news is always big news 
and draws attention to the particular 
agency responsible. The attention is 
seldom favorable. The opinion many 
citizens have formed of sewage treat- 
ment is gained through their contact 
with and observation of employees, 
not top supervision. The equipment, 
method of procedure, and working con- 
ditions have an important effect on the 
community. Publie confidence and 
appreciation of an organization often 
stems from the deeds and policies of 
the organization. Public relations are 
important, 

The cost of an employee accident can- 
not be computed only as the cost of 
compensation and medical bills. The 
hidden costs of accidents are estimated 
to be as much as four times the costs 
of compensation and medical bills. 
These costs are likened to an iceberg 
with the visible crest only a small part 
of the total picture. 

Accidents must not be considered 
only in the light of what they cost, but 
also what they might cost. For exam- 
ple, if a 25-yr.-old worker should lose 
the sight of both eyes due to an on-the- 
job aecident, the total cost can amount 
to over $200,000 in compensation pay- 
ments alone. The cost to the employee 
and his family, of course, cannot be 
caleulated in terms of money. 

The Federation deals almost exelu- 
sively with members in management 
positions. We would include under 
management those in advisory, research 
and teaching capacities. It is the man- 
agement group that must be reached 
with an effective safety program. The 
history of aecident prevention demon- 
strates that active participation of 
management is a must. Engineers, 
operators, plant managers, chemists, 
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etc., are the ones to pick up the ball 
and carry it. 

It is not the purpose of this sum- 
mary to discuss the statistical methods 
of reporting accidents for control 
analysis. This subject has been ad- 
mirably covered in recent publications 
of the American Water Works Associa- 
tion (2). Accident frequency rate and 
accident severity rate are the two most 
common comparisons made. They are 
the necessary yardsticks to show prog- 
ress of a safety program. The National 
Safety Council—Utilities Section com- 
piles the data on water and power util- 
ities. Without comparisons, a safety 
program would be operating in the 
dark; like a treatment works without 
meters and laboratory analysis. 

The objective of having efficient and 
safe work habits for each employee can 
be accomplished largely by training. 
W. W. Mathews, committee member, 
expressed this best when he said ‘‘I 
find the greatest problem facing the 
head of any department is to teach em- 
ployees to think. ...Do you ever 
wonder if some employees walk around 
with their eyes shut since they do not 
seem to see things that should be obvi- 
ous.’’ Knowledge of the physical and 
mental fitness of the employee is, of 
course, one answer to Mathews’ di- 
lemma. At this point we see that a 
good safety program must include in- 
dustrial hygiene. 

The Safety Committee regrets that 
it has neither the time nor the talent to 
intelligently advise the Board of Con- 
trol on the subject of industrial hy- 
giene. The Committee recognizes that 
physical and mental examinations for 
every new employee are an ultimate 
goal. The occasional medical checkup 
for key employees is still far in the 
future. In Cleveland, four on-the-job 
accidents have resulted in death or 
complete disability. A like number of 
heart cases have died while away from 
the job site. In each case the em- 
ployee’s physical condition was known 
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but the practice of industrial hygiene 
was not included in personnel handling. 


Recommendations 


1. As the program of the Federation 
expands, consider safety as an impor- 
tant field for the expenditure of time 
and money. 

2. Follow the leadership of the 
American Water Works Association 
with attractive articles in the Journal, 
ete. 

3. Gear advertising to the idea of 
safety when possible. 

4. Actively cooperate with the 
tional Safety Council—Utilities 
tion. 

5. Encourage state and local section 
meetings to include papers on the sub- 
ject of accident control, industrial hy- 
giene, and personnel problems. 

6. Adopt a safety program slogan 
that will teach by repetition such as: 
‘*Knowledge of Physical and Mental 
Fitness is Important,’’ ‘‘The Greatest 
of All Dividends—Human Suffering 
Prevented,’’ ‘‘ Whatever the Job, it can 


Na- 
See- 


be done Safely.”’ 
a symbol comparable to 
and ‘‘Ready Kilo- 


Perhaps ‘‘Clean Stream’’ de- 


7. Select 
‘‘Willing Water’’ 


watt.’’ 


SEWAGE AND INDUSTRIAL WASTES 


April, 1957 


picted as a lean country boy with 
fishing tackle would be suitable. 
‘‘Busy Bug”’ is also suggested for con- 
sideration. 
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EFFECTS OF GARBAGE GRINDERS ON SEWERS AT 


Editor’s Note- 
part of the 


-This paper was pre 


sented as first scheduled 


sewer maintenance forum at a Federa 
tion Annual Meeting. 
The installation of home garbage 


erinders in ever-increasing numbers in 
the Tueson, Ariz., metropolitan area 

* Presented at the 29th Annual Meeting, 
Federation of Sewage and Industrial Wastes 
Assns.; Los Angeles, Calif.; Oct. 8-11, 1956. 


By KENNETH ScCHARMAN 


TUCSON, ARIZONA * 


Manager, Sanitary District No. 1, Pima County, Ariz. 


caused the Pima County Sanitary Dis- 
trict considerable concern because not 
much information was available on the 
effect of the ground garbage on sewers, 
particularly in the southwestern area 
of the United States. Consequently a 
study was conducted on the Pima 
County District’s sewers to determine 
what effects the grinders might be 
having on the maintenance program, 
pipe-line design standards, and treat- 
ment processes. 
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Sanitary District No. 1 of Pima 
County, Ariz., is located in the south- 
east portion of Arizona and serves a 
40-square mile area surrounding the 
City of Tueson. The study on garbage 
grinders was made in cooperation with 
the city. 

In 1956 a series of tests were 
planned to run for one year, in an at- 
tempt to determine the effect of the 
residential garbage grinders on the 
sewers. To date three tests have been 
completed. 


Test Conditions 


Two test lines selected, one 
with garbage grinders and one with- 
out. Each line was a regular commu- 
nity sewer and had the following char- 
acteristics : 


were 


1. Recently installed 6-in. vitrified 
clay pipe. 

2. Grade of 0.72 per cent. 

3. Length of approximately 800 ft. 

4. Twenty-two house connections. 

5. Each connection served an aver- 
age of 3.62 persons. 


The weather during the tests was 
normal for Tucson; there was no rain 
of any consequence. A clean plastie 
neoprene sheet 44, In. in thickness was 
fitted into the invert of the down- 
stream manhole on each line to be used 
in a final laboratory check three 
months later to determine the rate and 
type of deposits. 


Line Cleanings 


The two test lines were cleaned with a 
rubber sewer ball in the usual manner. 
The solids cleaned from each line were 
caught in a sand trap installed in the 
line. The retarded flow was screened 
with a 14-in. mesh sereen to obtain ad- 
ditional The material from 
each line was taken to the sewage 
treatment plant laboratory for visual 
inspection. Large chunks of grey- 
colored grease floated on the surface 
of the 12-qt. collection container, fill- 


solids. 
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ing the entire top one-third. The ma- 
terial from the line with no grinders 
contained only a trace of grease. 


Physical Characteristics 


The physical characteristics of the 
sewage were determined next. The 
flow for a 24-hr. period was measured 
by pumping into a large tank truck 
and then weighing the contents in 
order to determine the gallonage. Hy- 
drogen sulfide and pH tests were made 
on the sewage and the temperatures of 
the air and sewage were obtained also. 

The line with the garbage grinders 
had an average temperature of 3° to 
4° F. warmer than the line without 
grinders. The high reading was 90° F. 
The total sulfides averaged 0.1 p.p.m. 
higher in the garbage grinder line, 
with a high reading of 0.2 p.p.m. The 
garbage grinder line had a lower pH 
and the flow averaged 4.2 gal. per 
capita less than the other line. 

During the metering period, a sam- 
ple of the flow was taken from each 


line every two hours and placed in 


separate containers, iced to 4° C. 
When the metering was complete, sam- 
ples were also taken for a pH test. All 
samples then were immediately taken 
to the laboratory. 

Subsequently, composite samples 
were collected on five consecutive days, 
including weekends, for B.O.D., sus- 
pended solids, and volatile matter de- 
terminations. The line with the gar- 
bage grinders had an average of 336 
p.p.m. more suspended solids, an av- 
erage of 41 p.p.m. more volatile mat- 
ter, and an average of 248 p.p.m. more 
B.O.D. than the line without garbage 
grinders. 

The raw received at the 
treatment plant had an average sus- 
pended solids content of 390 p.p.m., 
which compared closely with the test 
line having no grinders. This indi- 
cated almost twice as much solids load 
caused by the grinders. The average 
B.O.D. of the raw sewage at the plant 


sewage 
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was approximately 259 p.p.m. This 
compared closely with the test line 
having no grinders, and showed al- 
most a double increase in B.O.D. on the 
line with grinders. 

These tests indicated what already 
was known—that the residential gar- 
bage grinders cause a heavier solids 
load in the sewage. The end result 
should be more problems for the sewer 
maintenance department caused by de- 
posits, grease adhering to the pipe, 
odor complaints, and possible lags in 
the velocity of flow. 

The per capita sewage flow in 
Tucson averages less than 50 g.p.d., 
and it can be affected easily by home 
or industrial garbage grinders. The 
flow measurements made in connection 
with these tests averaged only 41.7 
g.p.d. per capita for the garbage 
grinder line, and 45.9 g.p.d. for the 
line without garbage grinders. 


Discussion 


It seems, therefore, after 9 months 
of testing, that the installation of gar- 
bage grinders in large numbers will 
cause an extra load on the treatment 
plant. However, with the data ob- 
tained from the tests the design stand- 
ards of a minimum of 2 f.p.s. velocity 
for all lines and 100 g.p.d. per capita 
for volume of flow should be satisfac- 
tory in determining 
size, 


minimum pipe 

Each test indicated a grease deposit 
build-up in the garbage grinder line. 
Quantities of grease, in chunk form, 
were flushed out each time the line was 
cleaned. Visual inspection with mir- 
after the line was cleaned re- 
vealed that the line was completely 
free from all deposits. 


rors 


The cleaning 
also removed the small build-up of egg 
shell and bone particles imbedded in 
grease at the flow line of the pipe, in 
locations where possibly there was a 
lag in the velocity of flow. This indi- 
eates that the future maintenance of 
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lines serving a number of garbage 
grinders can be economically handled 
by using a free sewer cleaning ball or 
a ball attached to a cable. 

It may be concluded that any com- 
munity having a yearly maintenance 
inspection and cleaning program, need 
not be concerned with the increased 
use of garbage grinders from a sewer 
maintenance standpoint. Of course, 
all the findings reported here refer to 
the lines owned and maintained by the 
municipality. However, house connec- 
tions, since they have no maintenance, 
might be a source of trouble. 

There is a possibility in this techno- 
logical age that science and industrial 
progress may eliminate the home gar- 
bage grinder.’ Only the ones used by 
restaurants and food processing estab- 
lishments may be in service. Studies 
on garbage disposal in connection with 
sanitary fills, incineration, and com- 
posting, made at Tucson, show that the 
garbage of former days was of a dif- 
ferent type, composition, and of a 
much greater quantity per person per 
day than today’s garbage. Appar- 
ently the packaging, concentrating, 
freezing, and now the irradiating of 
foods, are rapidly eliminating wastes 
and spoilage. 

An increase in the use of plastics 
will bring new problems since plastics 
generally cannot be digested by sew- 
age disposal processes or land fill oper- 
ations, nor ignited in incineration. An- 
other good question is: what will hap- 
pen to maintenance of the sewer sys- 
tem and operation of the treatment 
plant if plasties are ground and dis- 
charged with the sewage? 

Sewer maintenance and treatment 
plant personnel must be ever vigilant 
to the type of maintenance methods 
used in order to keep pace with new 
developments. A yearly maintenance 


all lines, or at least a 


program of 


yearly inspection of the sewage system, 
will help personnel keep pace with 
most problems as they arise. 


|| 


Vol. 29, No. 4 


SLUDGE FILTRATION PROBLEMS 


CURRENT PROBLEMS WITH THE VACUUM 
FILTRATION OF SLUDGE * 


By Gorpon J. WIEST 


Technical Director, Warner Company, Lime Division, Philadelphia, Pa. 


This paper recognizes that the de- 
watering of sewage sludge by means of 
vacuum filtration has attained a posi- 
tion of acceptance and maturity. 
Vacuum filtration affords an adequate 
method for maintaining the productive 
scheduling of solids disposal in the op- 
eration of sewage treatment and in- 
dustrial waste treatment works (1) (2) 
(3) (4) (5). 

There are a number of variations in 
the application of the basie principles 
of vaeuum filtration to the various 
classes of sludge solids resulting from 
sewage and industrial waste treatment 
There are standards 
whereby sludge solids can be judged 
and their behavior during dewatering 
predicted. However, the various 
sludge solids do have one common de- 
nominator; that is, the presence of 
water. This water is described as 
‘*free’’? water and ‘‘bound’’ water. 

The major problem is separating the 
water from the sludge solids. The 
process of separation of water from 
sludge solids usually requires some 
pretreatment such as elutriation and 
chemieal sludge conditioning. Elutri- 
ation and chemical sludge conditioning 
have been ably described in a number 
of technical papers (1) (6) (7) (8) (9) 
(10)(11)(12). Usually, elutriation of 
sludge affords a considerable reduc- 


processes. 


tion 


in the cost of chemical sludge 
conditioning. 


The 


determination of chemical re- 
quirements in sludge conditioning, as 
presented by A. L. Genter in one of 
his classical papers (6), affords a prac- 
tical operating approach for the deter- 

* Presented at the 1956 Annual Meeting, 
Pennsylvania Sewage and Industrial Wastes 
Assn.; University Park, Pa.; Aug. 29-31, 


1956. 


mination of chemical requirements in 
chemical sludge conditioning. Ferric 
chloride and lime are the chemicals 
commonly used for conditioning 
sludge. Lime is available in two 
types: namely, high calcium lime and 
dolomitie lime. The choice of condi- 
tioning chemicals is a matter of eco- 
nomics. 


Operating Problems 


The performance of vaeuum filtra- 
tion equipment under actual plant 
operating conditions has been ade- 
quately described in many published 
technical papers. There are, however, 
several problems common to the oper- 
ation of all vacuum filtration equip- 
ment. 


Performance Data 


The development of skills for the 
effective operation of vacuum filtration 
equipment must be related to a real 
and full understanding of the consult- 
ing engineer’s applicable design values 
as well as the performance values set 
forth by the equipment manufacturer. 
The development of operating skills 
for effective operation of vacuum fil- 
tration equipment must therefore be 
interpreted within the limits of the 
consulting engineer’s and the equip- 
ment manufacturer’s objectives. These 
skills include an understanding of the 
sludge dewatering process, the sources 
of sludge for dewatering, the prepara- 
tion of the sludge for dewatering (elu- 
triation and chemical sludge condition- 
ing), and the vacuum filtration proe- 
ess. 

In the development of skills in any 
operation of a sewage or industrial 
waste treatment works, the operator is 
continuously subjected to pseudo fae- 
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tors, more often by the uninitiated op- 
erator but many times by the experi- 
enced operator, in his approach to the 
effective operation of the equipment. 
Often the lack of skill is either unree- 
ognized or hidden, or an attempt is 
made to conceal it. The lack of suffi- 
cient know-how and the failure of the 
operating men to communicate ade- 
quately with the consulting engineers, 
the equipment manufacturers, and the 
chemical suppliers accounts for many 
of the misunderstandings and much of 
the faulty operation. There are masses 
of data relating to the operation of 
vacuum filtration equipment in regard 
to performance. In many cases ade- 
quate interpretation of this perform- 
ance data is limited. A study of inter- 
pretable data is frequently limited by 
such commonly related factors as: 


1. Lack of manpower. 
2. Lack of laboratory measuring de- 
vices. 


3. Lack of guidance and review by 
the regulatory agencies. 


This observation applies to the over-all 
operation of many sewage and indus- 
trial waste treatment works. 

It is agreed that the typical sewage 
plant is designed according to the best 
know-how and standards available, and 
specific equipment information is ob- 
tained from reputable well-in- 
formed equipment manufacturers. It 
becomes obvious, then, that the effee- 
tive operation of a sewage treatment 
works is not related directly to the 
inadequacy of the operating personnel, 
but rather to coordination and 
communication between the operators 
and those charged with the design of 
processes, equipment, and_ supplies. 
There many millions of dollars 
spent for the construction of adequate 
treatment works and then nothing is 
done to provide satisfactory operating 
aids. 


poor 


are 


In many cases they remind the 
casual observer of bridges built with- 
out approaches or exits. It is believed 
that the regulatory agencies may con- 
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tribute greatly in attaining a condition 
of satisfactory operation which pro- 
duces adequate performance 
Operating will 
guidance. 


data. 


men welcome such 


Effects of Synthetic Detergents 


A considerable volume of material 
has been presented in various technical 
publications relating to the effects of 
synthetic detergents on the various sew- 
age treatment processes (13) (14) (15) 
(16). It follows that questions should 
arise as to the effect of syndets on the 
vacuum filtration of sludges. 
Millions of pounds of syndets are cur- 
rently used by industry and the pub- 
lic; therefore, it follows that various 
syndets would eventually find their 
way in some concentration into sani- 
tary sewers and the sewage treatment 
plant. 

It becomes the responsibility of the 
operators of sewage treatment works 
to develop an awareness of the syndet 
problem, and to contribute to and par- 
ticipate in the studies on the potential 
effects of syndets on their sewage treat- 
ment works. There is, however, a 
problem in that methods to measure 
the concentrations of syndets present 
in sewage have not been completely de- 
veloped. 


sewage 


Existing laboratory measure- 
ments are inadequate to determine ac- 
curately the concentrations of syndets 
in sewage (17)(18)(19). It is obvious 
that the problem is too widespread and 
eomplex for individual solution. Re- 
search groups have been active in the 
study of these problems, and among 
these are the Association of American 
Soap and Glycerine Producers, who 
are sponsoring a ‘‘multi-pronged re- 


search program,’’ and the American 
Society for Testing Materials (20) 
(21). 


It is dangerous to attribute effects 
to syndets that are not measurable. 
To date, some preliminary publications 
relating to effects of syndets on coagu- 
lation have indicated that the presence 
of syndets in concentrations consider- 


ye 
€ 
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ably higher than may be found in sani- 
tary sewage does not affect the co- 
agulation (22) (23) (24)(25). In the 
meantime, it remains the job of the 
sewage or waste treatment plant op- 
erator to operate existing facilities to 
attain the specified treatment within 
the scope of the designed equipment. 
It is likely that in this approach the 
quantity of sludge conditioning chemi- 
cals may increase over estimates. This 
is not unusual, 

Sewage is often referred to as a 
heterogeneous mass of liquid in the 
presence of soluble ions and a fair 
number of insoluble ions. Conse- 
quently it can be coneluded that 
there will be further changes in the 
characteristics of sewage. Further- 
more, it follows that as the character- 
istics of the sewage change, the char- 
acteristics of the sludge solids change. 
It is the operator’s job to adequately 
formulate operating procedure to use 
available equipment, and by sharing 
adequate performance data with others 


he is able to contribute to the progres- 
sive design of improvements. 


Chemical Conditioning 


The chemical conditioning of sewage 
sludges is always recognized as a cost 
item to watch. The dosing of chemi- 
cals for conditioning of sludge prior to 
dewatering is affected by elutriation of 
the sludge. Techniques of elutriation 
also must be adaptable to the loading 
found in operating practices. Genter 
(7) has formulated the generalities of 
elutriation practices as related to con- 
ditioning chemicals. It is admirable 
that the operators and management of 
sewage treatment works have an 
awareness of the cost of conditioning 
chemicals. There are no general for- 
mulations of procedures which are 
comprehensively applicable to all 
sludge conditioning problems. 


Filter Media 


The equipment manufacturers have 
produced a variety of cloths applicable 
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as filter media, all adapting the prin- 
ciples of porosity of the filter media 
versus bound water. There are no con- 
clusive data that point to the superi- 
ority of any filter cloth, except to ac- 
knowledge that some of the synthetic 
textiles do afford longer life with rea- 
sonably less fouling. 

In addition to the vacuum filters 
using cloth filter media, there has been 
developed the coil spring vacuum fil- 
ter. This filter uses a coil spring in 
place of the cloth filter media and af- 
fords certain mechanical advantages 
over the filter cloths. 


Example 


In an attempt to understand filtra- 
tion problems, a study was made of a 
large sewage treatment plant which 
reportedly had a number of vacuum 
filtration problems. The principal 
complaints were : 


1. High costs of chemical condition- 
ing. 
2. Unsatisfactory elutriation. 


A thorough 
the following: 


investigation revealed 


1. The existing vacuum filters were 
being operated at approximately 25 
per cent of capacity. No conclusions 
could be drawn on the ability of the 
equipment to perform within the scope 
of production requirements. It was 
obvious that there would be a backlog 
of sludge to be filtered. 

2. The quantities of conditioning 
chemicals applied were both inade- 
quately measured and reported. It 
was necessary to study the inventory 
of shipments to analyze cost data, and 
this was not satisfactory. 

3. The vacuum filters were not being 
operated in accordance with the manu- 
facturer’s recommendations. 

4. The elutriation of the sludge 
prior to sludge conditioning simulated 
the operation of a ‘‘sludge swimming 
pool’’ rather than the elutriation of 
sludge. 


= 


1S6 


There were no data and no observa- 
tions that could be made in this case 
which would allow conclusions relating 
to effects, or even potential effects, of 
the presence of syndets in the sewage 
on vacuum filtration. 


Conclusion 


It is evident that good eommuniea- 
tions and efforts be- 
the engineers, the 


coordination of 


tween consulting 


equipment manufacturers, the chemi- 
cal suppliers, and the operating per- 
sonnel will contribute considerably to 
the adequate solution of the problems 


associated with the vacuum filtration 


of sewage sludges. 
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INTERESTING EXTRACTS FROM OPERATION 
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‘*The strongest words are usually used 
arguments. 
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Anon. 


Attention operators! 


Wisconsin Ave., N.W., Washington 16, D. C. 


It will be appreciated if copies of all annual reports of both large 
and small sewage and industrial waste treatment plants are sent to the Federation office 
for abstracting in this section of the Journal. 
Operator’s Corner, Federation of Sewage and Industrial Wastes Associations, 4435 


Please direct annual reports to: The 


The Cranston, R. I., sewage treat- 
ment plant treated 1,385 million gal- 
lons of sewage during its 13th year of 
operation. This was an increase of 
245 million gallons over the preced- 
ing year. Approximately 74 per cent 
of the flow was domestic sewage and 
26 per cent was industrial wastes. 
The total oxygen requirement of the 
raw sewage averaged 8,457 lb. per day, 
or an equivalent of 0.141 Ib. per capita 
per day. 

Operation of the plant during the 
past years indicates that the result of 
complete treatment of normal domestic 
sewage is a sparkling effluent of excel- 
lent quality, well within the require- 
ments of the state department of health. 
However, during the past several 
years the problem of treating textile 
wastes from the loeal industry has 
been increasing seriously. Textile 
wastes were an important factor in the 
over-all operation of the treatment 
plant during the fiscal year, and re- 
sulted not only in higher cost of opera- 
tion but also in a loss in plant ef- 
ficiency. 

Textile Wastes 

In an effort to reduce the pollution 
of the Poeasset River, into which the 
textile wastes were being discharged, 
and to determine if the City’s treat- 


* For last previous extract see Jour- 
NAL, 27, 3, 345 (Mar., 1955). 


Annual Report of the Cranston, R. I., Sewage Treatment Plant for the Year 
Ended September 30, 1954 * 


By WALTER C, ANDERSON, Superintendent 


ment plant could handle these wastes, 
increasing amounts of the wastes were 
diverted from the stream and dis- 
charged into the sewers. During the 
month of June, 1954, a total of 47 mil- 
lion gallons of textile wastes was 
treated at the plant. Results of treat- 
ment of this volume of textile wastes, 
representing 34 per cent of’ the total 
monthly sewage flow, indicated that 
the plant capacity was insufficient to 
treat these wastes properly. The total 
volume of textile wastes requiring 
treatment in order adequately to re- 
duce the pollution of the receiving 
stream has been estimated at about 60 
million gallons per month, or about 
30 per cent more than was treated 
during the month of June. 

Primary treatment during June 
showed only 40.9 per cent reduction 
of suspended solids as against 60.3 per 
cent during normal operation, when 
textile wastes were not entering the 
sewers. Similarly, the B.O.D. redue- 
tion was only 14 per cent during June 
as compared with 42 per cent during 
normal operation without the textile 
wastes. (Complete treatment showed a 
reduction in suspended solids of 70.7 
per cent, compared with 92.9 per cent 
during normal operation. The B.O.D. 


reduction averaged only 83 per cent 
for the month of June as compared 
with 90 per cent during normal opera- 
tion. 


| 
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The effluent entering the Pawtuxet 
River after complete treatment had an 
inerease in suspended solids from 15 
p.p.m., during operation with only 
normal domestic sewage, to 48 p.p.m. 
during the month of June. The 
B.O.D. results also showed an increase 
from 16 p.p.m. with normal operation 
to 44 p.p.m. for the same monthly 
period when the maximum amounts 
of textile wastes were treated. 

Favorable results were obtained on 
tests made to determine if longer de- 
tention and aeration periods would 
produce better purification. Cost and 
design studies for additional treat- 
ment units are being made by consult- 
ing engineers. 


Sludge Digestion 


During the month of June, when 
the maximum volumes of textile wastes 
were being treated, a marked decrease 
in the efficiency of digester operation 
was observed. Gas production con- 
tinued to decrease and the digester 
was finally taken out of service. The 
partially digested sludge was filtered, 
the digester was cleaned and placed in 
service, and the textile wastes 
diverted from the sewers. 

The digester has resumed normal 
operation. This indicates that certain 
components of the textile wastes in- 
hibit sludge digestion. 

The poor quality of the digested 
sludge eaused a reduction in filter 
production from 3.23 lb. per square 
foot per hour to 2.96 lb. per square 
foot per hour. Ferrie chloride re- 
quirements increased from 5.61 per 
cent to 6.14 per cent. 


were 


Chlorination 


Because of the high chlorine demand 
of this industrial waste, together with 
the inability to obtain better purifica- 
tion, the chlorine requirements were 
extremely heavy. The chlorine dosage 
was increased by more than 500 per 
cent during the peak month of June. 

As a result of a study by Professor 
Clair N. Sawyer, Masachusetts Insti- 
tute of Technology, on the bacterial 
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kill obtained with chlorine gas and 
sodium hypochlorite, the use of sodium 
hypochlorite was started in January, 
1954. The study indicated that: 


1. Much less hypochlorite (than 
chlorine gas) is needed to yield the 
required O. T. residuals. 

2. Bactericidal action is somewhat 
greater for any given O. T. residual 
under the conditions of contact 
perienced at Cranston. 


eX- 


A rubber-lined, 3,000-gal. steel tank 
was installed. The removal of the 
dangers connected with the possible 
escape of chlorine gas is an important 
safety consideration. 


Equipment Operation 


The treatment plant operated con- 
tinuously during the year, except for 
a 53-hr. loss of power caused by the 
effects of hurricane Carol and a 4-hr. 
power failure caused by hurricane 
dna. Except for the power failures, 
there was no damage to the plant 
buildings or equipment. 

Inefficient operation of the com- 
minutor resulted from teeth wear. 
This condition causes ‘‘stringing’’ of 
the rags instead of shredding. Sub- 
sequently the rags ‘‘ball up’’ and 
cause clogging at the check valves of 
the primary sludge pumps. It is 
planned to have the teeth carbide- 
tipped. 

Modernization of the air supply to 
the grease removal unit was begun. 
The old slotted casting that regulated 
the amount of sewage and air mix was 
removed and two el-pipes were in- 
stalled to feed air to the pump im- 
pellers. 

The aeration tanks operated under 
an increased load due to the textile 
wastes. The air applied per gallon of 
settled sewage was increased from 1 
eu. ft. to 2.6 eu. ft. The maximum 
air-blower capacity of 8,000 ¢.f.m. was 
insufficient to treat the sewage during 
June, when the industrial waste flow 
was at a peak. Electric power costs 
were 300 per cent above normal. 
Mixed liquor suspended solids con- 
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centration had to be reduced from 
2,700 p.p.m. to approximately 1,800 
p.p.m. to insure a minimum D. O. con- 
tent. Chlorination of the returned 
sludge during the year resulted in a 
reduction of the sludge index from 
149 to 126, 

Gas production was excellent prior 
to June, 1954. The highest rate of 
production was 1.9 eu. ft. per capita 
per day. Total gas production was 
17.3 million eubie feet, equal to an 
average rate of 1.05 eu, ft. per capita 
per day. Since June, a total of 5,925 
gal. of fuel oil has been used to supple- 
ment the decrease in gas production. 

One of the two vaeuum sludge filter 
drums was redecked, using rubber 
grids in place of the usual bronze 
wire screening. Wool, cotton, poly- 
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ethylene and saran filter cloths are 
being tested for filter efficiency and 
economy. 

Continuous year-round chlorination 
of the final effluent, as required by the 
state health authorities, consumed a 
total of 58,744 lb. of chlorine. This 
amount was 205 per cent more than 
was applied during the preceding 
year. The chlorine was applied at a 
rate of 5.1 p.p.m. and the average de- 
tention period was 11 min. The aver- 
age residual was 0.65 p.p.m. The in- 
creased quantity of chlorine used is 
attributed to the high chlorine demand 
of the textile wastes entering the 
sewers. 

Table I summarizes the operating 
data for the year ended September 30, 
1954. 


TABLE I.—Summary of Operating Data for the Cranston, R. I., Sewage Treatment 
Plant for the Year Ended September 30, 1954 


Item Average 

Sewage treated, total (m.g.) 1,384.2 
Sewage flow (m.g.d.) 3.82 

Per capita (g.p.d.) 107 

Indus. wastes (%) 26 
Grit (cu. ft./m.g.) 1.33 

Grease (gal./m.g.) 116 


Primary settling data: 
Det. period (hr.) 
Sludge (gal./m.g.) 


5,116 
Skimmings (gal./m.g.) 


Aeration tank data: 
Aer. period (hr.) 
Air supplied (cu. ft./gal.) 
Ret. sludge (%) 
Mix. liq. susp. sol. (p.p.m.) 
Sludge index 
D.O., outlet (p.p.m.) 


Final settling data: 
Det. period (hr.) 
Sludge returned, total (m.g.) 
Sludge wasted, total (m.g.) 
Sludge susp. sol. (p.p.m.) 
D.O., effl. (p.p.m.) 
D.O., sludge (p.p.m.) 


Chlorination data: 
Total used (lb.) 75,950 
Applied (p.p.m.) 5.1 
Residual (p.p.m.) 


Sludge digestion data: 
Sludge to dig., total (m-.g.) 
Solids (%) 

Gas produced: 


7.15 
4.81 


| 
| 
| 
| 
| 


1.94 | 


0.65 


Item 
Total (million eu. ft.) 
Per m.g. sewage (cu. ft.) .. 
Per capita daily (cu. ft.) .... 


Average 


Vacuum filtration data: 
Dig. sludge to filt., total (gal.) .804,603 
Solids (%) 3.95 
Volatile solids (%) 55.1 
Filter cake, total (tons) 595 
Cake moisture (%) 79.3 
Cake dry solids, total (tons) 123.8 
FeCl, used, total (Ib.) 
Ratio, FeCl,-dry solids (%) . 
Filter rate (Ib./sq. ft./hr.) 


6.14 
2.96 


Suspended solids: 
Raw sewage (p.p.m.) 
Final (p.p.m.) 
Reduction (%) 


5-Day B.O.D.: 
Raw sewage (p.p.m.) 
Final effl. (p.p.m.) 
Reduction (%) 


192 
33 
82.8 


266 
29 
89 


| Operating cost ($): 


Salaries 

Electricity 

Chemicals 

Supplies 

Telephone 

Supplies and repairs 

Equipment 

Water 

Miscellaneous 
Credit, cesspool fees 

Total, net 

Per m.g. treated 


34,672.35 
21,898.27 
12,311.52 
2,959.52 
232.78 
6,423.08 
3,148.77 
1,105.73 
1,991.03 
2,619.20 
83,426.85 
60.24 


|__| 
17.25 
.. 12,460 
a 1.03 
| 
5.74 | 
1.89 | 
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SERVICES OF THE PETROLEUM PRODUCTS 
SUPPLIER * 


By D. S. TaBer 


Socony Mobil Oil Company, Inc., Kansas City, Mo. 


Plant Lubrication 


Can you use a petroleum products 
advisor on your staff, a man who is 
readily available, completely and cur- 
rently informed, and will work for you 
without charge? Would it be valuable 
to you to know what petroleum prod- 
ucts are available to eliminate certain 
processing difficulties, and how to use 
them? Can you use a man who will 
advise you and keep you advised on all 
matters pertaining to the correct se- 
lection and application of petroleum 
products so that you will derive the 
greatest benefits from their use? 

Your petroleum products supplier, 
at your request and with your coopera- 
tion, can become a working member of 
your organization. His objective is the 
same as yours—to maintain maximum 
flow through your plant at a consist- 
ently low cost of operation. His ap- 
proach to attain this objective must be 
through the correct selection and ap- 
plication of the petroleum 
which his 


products 
company has to offer. He 
can be of maximum service to you by 
gathering from and 
your associates regarding your opera- 
tion 
rive 


knowledge you 
and using this knowledge to ar- 
at correct recommendations. No 
one knows your operation as well as 
you do. No one has the experience and 
information that you have about the 
peculiarities of your plant, equipment, 
and processes. For this reason, your 
petroleum products supplier must rely 
upon you to supply the necessary in- 
formation so that using his knowledge 
of his company’s petroleum products, 
he will offer the correct product to be 


* Presented at the 1956 Annual Meeting, 
Nebraska Sewage and Industrial Wastes 


Assn.: Omaha, Nebr.; Nov. 1-2, 1956. 


used in the right way to meet your 
specifie needs. 

After consideration of the informa- 
tion made available to him by you, he 
will confirm his recommendations in a 
written report that will set forth a 
specific program for the correct appli- 
eation of the recommended products. 
Also contained in this report will be 
a listing of equipment and processes, 
with recommendations for the correct 
use of the right petroleum products to 
protect vital moving parts and im- 
prove operations. Also ineluded in this 
report, as well as in future reports, 
will be for possible im- 
provements that will ultimately lead 
to savings in operating costs. 


suggestions 


Froth Control 


The petroleum supplier can be of 
assistance on another operating prob- 
lem, which up until recently was not 
of particular concern. That is the 
problem of froth at sewage treatment 
plants. 

The control of froth in waste dis- 
posal has become increasingly impor- 
tant. In sewage treatment plants op- 
erating on the activated sludge prin- 
ciple with diffused air, froth may blan- 
ket the aeration tanks causing health 
and accident hazards, and it can ruin 
the landscape plantings and architec- 
ture. The 
frothing 


problems 
the 


presented by 


are on increase rather 


than the decrease. It has been said 
(1) that ‘‘the foam problem is here 
to stay. Synthetic detergents have 
nearly replaced the entire field of 
household laundry and dishwashing 
soaps. Since the average housewife 


wants to see suds in her washing ma- 
chine and dishpan, detergent manu- 


3 

ie 
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facturers are placing foaming agents 
in their detergents.’’ 

Excessive frothing may be present 
on the surface of the aeration tanks, 
and cause safety hazards to operating 
personnel and subsequent property 
damage. In addition, the periodic 
clean-ups of the property can be costly. 
This, then, is the problem: eliminate 
the foam and do it effectively and 
economically. 

To better understand this particular 
problem, a typical case of an activated 
sludge plant will be considered. The 
plant served a population of 45,000 
and was of the activated sludge-type 
with diffused air, The flow averaged 
about 4.5 m.g.d., with a rated capacity 
of 6 mg.d. A peak flow of 8 m.g.d. 
had been recorded. The plant consists 
of a comminutor, a primary clarifier, 
two aeration tanks of two compart- 
ments each, and two final settling 
ponds. 

Aeration tanks (1A and 1B) have 
Saran-wrapped air diffusion tubes and 
the other pair of tanks (2A and 2B) 
have carborundum-type air diffusion 
tubes. The detention time is about 4 
hr., and the flow is divided evenly to 
Tanks 1A and 2A. An average of 
1,600 to 1,700 ¢.f.m. of air is intro- 
duced through Tanks 1A and 1B. 
Tanks 2A and 2B receive about 1,200 
e.f.m. The quantity of air will vary 
according to the flow and the organic 
load. The excessive frothing condi- 
tion occurs in the aeration tanks. 

The control of froth has been of in- 
terest to the petroleum industry for a 
long time. The use of certain light 
petroleum products as a defrothant in 
many processes, such as those used in 
paper mills, dates back many years. 
The petroleum industry also has de- 
veloped several other light products 
which include wax emulsions, oil emul- 
sions, and compounded oils for specific 
froth problems. 

One of the products offered to meet 
the specific problem of frothing in the 
aeration tanks is a specially com- 
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pounded oil. This product has been 
used for several years and successfully 
so by activated sludge sewage treat- 
ment plants. The product is a free- 
flowing, light-colored compounded oil 
having a Saybolt Universal Viscosity 
of approximately 120 in, It has an 
ASTM pour point of — 20° F. and, 
therefore, it can be handled as a fluid 
in all kinds of weather. It is non- 
flammable, having a flash point of 
285° F. and it weighs 7.5 lb. per gal- 
lon. Its B.O.D. is only 35,000 p.p.m. 
This value becomes negligible when it 
is realized that it is effective when used 
at the rate of 0.5 to 1.5 p.p.m. In the 
small quantities used, it has essentially 
no effect on the oxygen requirement of 
the system. 

To be effective, the defrothant 
should be applied at a point where 
there is sufficient agitation to assure 
that the material is reasonably well 
distributed throughout the liquid. It 
may also be effectively applied by 
mixing with water in a water spray 
system. 

At this particular plant the defroth- 
ant was first applied at the primary 
clarifier by means of a pinch clamp 
on a tube from a 1-gal. can. Approxi- 
mately 20 ml. per minute of defroth- 
ant was dripped into the primary for 
a period of 6 hr. Results showed that 
the froth in Tanks 2A and 2B was 
under control, but the froth in Tanks 
1A and 1B continued to build up. The 
feed was then increased to 40 ml. per 
minute with a noticeable improvement 
in froth control. 

Since frothing is worse from 10 pm 
to 6 AM, a second test was conducted 
during these hours. During this run, 
the defrothant was applied at the rate 
of 25 ml. per minute by means of a 
proportioning pump, and the flow rate 
was observed to be 150,000 g.p.h. The 
froth in Tanks 2A and 2B was under 
control, but the froth in Tanks 1A and 
1B was high and not under eontrol. 
The apparent explanation for the in- 
ability to control the froth in Tanks 
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1A and 1B is that the air diffuser tubes 
used in Tanks 1A and 1B required 
large amounts of air, which increased 
the agitation and thus produced more 
froth. 

Since the treatment plant had a 
water spray system, another test was 
arranged to inject the defrothant, by 
means of a proportioning pump, into 
the water spray system on Tank 1A 
only at the rate of 25 ml. per minute. 
After a night run, the froth build-up 
on Tanks [A and IB was very slight, 
indicating that control was effective 
and that it was being carried over into 
Tank 1B. It is of interest to note here 
that the froth continued on Tanks 2A 
and 2B despite the fact that the water 
spray system ran all night. No de- 
frothant was added to either Tanks 
2A or 2B for this period. 

The conclusion reached is that by 
applying the defrothant through the 
water spray systems, the froth can be 
effectively controlled on all four tanks. 
With the present spray tips, a total 
of about 40 ml. per minute of defroth- 
ant would be applied 
through the spray system as follows: 


necessary, 


Defrothant 

Tank mil. /min.) 
1A 25 
1B and 2A 10 
2B 5 
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At the maximum rate of 40 ml. per 
minute, a total of 2,400 ml. (0.63 gal.) 
was required per hour, for a through- 
put rate of about 6 m.g.d. For a 12-hr. 
period, which is all that is needed for 
adequate froth control, this would 
mean a total of 7.5 g.p.d., or about 225 
gal. per month. 

However, the installation of more 
effective water spray tips could reduce 
the total consumption to about 100 gal. 
per month. Based on an approximate 
cost of the defrothant delivered to this 
plant of $1.25 per gallon, the annual 
cost would be about $1,500. 

The cost of steam cleaning the walks 
every 90 days, at an annual expense of 
$400, should be deducted. Thus the 
actual annual cost of defrothant is 
about $1,100. Froth control is accom- 
plished and the following benefits are 
obtained : 


Elimination of froth. 
Improved working conditions. 
Redueed safety hazards. 
Improved plant appearance. 
Reduced health hazard. 
Reduced cleanup operations. 


1. 
2. 
$. 
4. 
5. 


Reference 
1, Rapp, W. F., Jr., ‘‘ Another Look at Foam 
Control in Activated Sludge Treatment 
Plants.’’ Nebr. Municipal Review 
(Feb., 1956). 


TIPS AND QUIPS 


Lift Safely 


Many back injuries result from im- 
proper lifting of loads. Man’s back is 
constructed delicate cantilever 
and it is not well suited for use as a 
derrick. 

To lift safely: 


as a 


1. Size up the load first. Get help 
if it is needed. 

2. Be sure of your footing. 

3. Lift with your not 
back. 

4. Keep your balance, don’t twist 
under strain or jerk the load. 


legs, your 


5. Bend your legs and keep your 
back as straight and nearly vertical as 
possible. 


sull strength isn’t enough—you 
have to apply power where it counts. 
A back injury is never a minor matter! 


So Watt? 


The current for a 714-w. electric 
light bulb can knock you silly. 
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Valve Rehabilitation 

First aid for ailing valves is avail- 
able from the Lynch Engineering Co., 
Ine., 110 Valley Road, Wilmington, 
Del. This company reclaims and re- 
stores valves of all types, in brass, cast 
iron, steel or alloys. The valves are 
guaranteed to be in new-valve operat- 
ing condition and the cost is reported 
to be only one-half of the replacement 
cost. 


Building Fires 


The dual cause ‘*matches and smok- 
ing’’ is the major cause of fire, with 
‘‘misuse of electricity’’ second. The 
latter cause, however, ranks highest in 
total dollar loss, according to a 10- 
year analysis of fires resulting from 
known causes. 


Adhesive Pipe Markers 


Development of a standardized pipe 
identification system for tracing pipe 
lines quickly and minimizing operating 
errors (THis JOURNAL, 28, 6, 813; 
June, 1956) can be expedited through 
the use of self-sticking pipe markers 
(Figure 1). 

The markers come in two sizes, letter 
heights of 2 in. for pipe diameters 3 
in. and larger and 1 in. for pipe diam- 
eters smaller than 3 in. They are 


FIGURE 1.—Self-adhesive pipe markers. 
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made of ‘‘all-temperature’’ vinyl cloth 
with an ‘‘all-temperature’’ adhesive, 
and are silicone-plastic coated for long 
life. Black legends on standard ASA 
color backgrounds (yellow, green, red, 
blue, purple, orange, white and alumi- 
num) are available for most of the 
standard identifications. The back- 
ground colors provide the color coding 
at the time legends are placed on the 
piping. Matching directional arrows 
are available to indicate the flow di- 
rection of pipe contents. 

Complete information, together with 
a handy planning guide and cost kit, 
can be obtained from W. H. Brady 
Co., 727 W. Glendale Ave., Milwaukee 
9, Wis. 


Private Sewage Utilities 

Reports received indicate that two 
private companies are planning to de- 
velop sewer systems and treatment 
plants to service residential, commer- 
cial, and industrial subdivision de- 
velopments on 11,000 aeres of St. 
Louis, Mo., county suburban land. 


70,000 Pounds! 


Digesting sludge solids, bottled up 
in a supernatant recirculation pump, 
can exert a force of 250 p.s.i. and 
wreck the pump, as shown in Figure 2. 
Robert N. Galloway, Superintendent 
of Plants, reported that this type of 
damage was recently experienced at 
the sewage treatment plant of the 
County Sanitation Districts of Orange 
County, Calif. 

At the District’s No. 2 digester, 
heating is accomplished by circulating 
supernatant through a steam-heated 
heat exchanger. Two350-g.p.m. pumps 
are used on alternate weeks for re- 
circulation. The pumps are of the 
vertical centrifugal type and are 
mounted on a conerete pedestal about 
3 ft. high. This places the electric 
motor 9 ft. above the floor. 


— 
- 


FIGURE 2.—Ruptured supernatant 
recirculation pump. 


Operator practice was to close both 
the suction and discharge valves on 
the idle pump, thus effectively sealing 
it off from the digester piping. One 
of the pumps was shut down on a Mon- 
day and the following Sunday after- 
noon it separated around the largest 
circumference of the volute. 

The upper portion of the pump, in- 
cluding the motor, toppled over to the 
eonerete floor, barely missing a 3-in. 
gas line. In addition to the broken 
volute, the motor frame was broken 
in several places and both end _ bells 
were broken. 

Following this incident, the 
ators plugged a short length of 2-in. 
pipe, filled it with digesting sludge, 
and attached a pressure gauge to one 
end. 


oper- 


The loaded pipe was placed up- 
right in a warm corner of the boiler 
house. built up grad- 
ually, and by the fifth day it reached 
250 p.s.i. Pressure remained at this 
reading, except for the loss of a few 
pounds during the colder part of the 
night. 

The inside diameter of the volute 
was 19 in. and a check indicates a 
possible total lifting pressure of ap- 
proximately 70,000 Ib. It is reasoned 
that more than the usual quantity of 
solids were trapped in the pump vo- 


Gas 


pressure 
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lute, and the build-up of gas pressure 


from the digesting solids did the rest. 


Precision Tools in Bottles 


Laboratory 
tists will be 


technicians scien- 
interested in a recent 
movie release entitled ‘* Precision Tools 
in Bottles.°* This 10-min., 16-mm. 
sound and color movie develops the 
theme that 
chemicals 


today’s reagent-grade 
precision Also 
explained in the film are the various 
chemical grades. 


are tools. 


Recommended for professional gath- 
erings of laboratory personnel, the 
film is available without charge from 
the Fisher Scientific Co., 717 
St., Pittsburgh 19, Pa. 


Forbes 


Population Trends 


If you are doing some long-range 
forecasting that involves population 
trends, send for a copy of Legislative 
Bulletin No. 154, Nov., 1956, prepared 
by the Council of State Governments, 
1313 East 60th St., Chicago 37, Ill. 


Waterless 


States experiencing drought condi- 
tions during recent years must give 
early attention to conserving their 
fresh-water supplies. To do this ef- 
fectively, increased attention to the 
treatment of sewage and industrial 
wastes will be necessary. 

Drought conditions in the West, for 
example, have caused many problems 
in connection with the obtaining and 
disposing of water. With decreasing 
dilution, detergent concentrations in- 
erease and algal growths flourish in 
the relatively clear, silt-free water. 

In-plant economics in industry have 
helped to reduce water needs in manu- 
facturing processes and subsequently 
reduce the quantity of wastes to be 
treated. The aircraft industry in 
Kansas reduced its water usage by 
more than 50 per cent and some re- 
fineries did even better. 
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Reviews and Abstracts’ 


Report of the Committee on Synthetic 
Detergents. Her Majesty’s Stat. Off., 
London, Eng. (1956). 

This report will be of value to those con- 
cerned with the treatment of water and of 
sewage and to those who manufacture syn- 
thetic detergents. It seems likely, how- 
ever, that in Britain its impact on the de- 
tergent-using public will not be great owing 
to the large number of qualifying state- 
ments that the Committee has felt itself 
compelled to make in considering the ef- 
fects of these agents on sewage and water 
treatment. 

The report briefly describes the general 
nature of detergency and the special prop- 
erties of the synthetic agents. The effects 
of these agents on the human skin, after 
ingestion, and on plumbing fittings are dis- 
cussed. There may be a chronic carcino- 
genic effect from these agents; however, 
present knowledge has not confirmed this. 
The most obvious effect of synthetic de- 
tergents on sewage treatment is the foam 
produced at sewage treatment works, par- 
ticularly in activated sludge units. Un- 
fortunately, the Committee believes that 
non-foaming products will not be weleomed 
by the housewife. No procedure for pre- 
venting foam that is generally applicable 
is recommended, although a number of 
methods are discussed. While these agents 
appear to have little effect on primary 
sedimentation, some of them, especially 
those most commonly used and based on 
alkyl aryl sulfonates, have an adverse ef- 
fect on the biological oxidation stage, and 
are by no means completely broken down 
during biological oxidation. Since the de- 
tergents are not completely destroyed in 
sewage or water treatment they can be 
present in drinking water. Therefore, their 
long-term toxicity must not be forgotten. 
The description given of the performance 


of the West Middlesex activated sludge 
plant at Mogden since the introduction in 
Britain of alkyl aryl sulfonates in 1950 
is a convincing account of the harm that 
these agents can cause at a modern, well- 
run sewage treatment plant of this kind, 
especially in the effects on nitrification. 

Concentrations of synthetic detergents 
up to almost 5 p.p.m. have been observed 
in rivers mainly in the counties around 
London. These lowland rivers are used for 
water supply for about one-quarter of the 
population. The surface activity of these 
agents may reduce the rate of oxygen up- 
take and further aggravate the ill effects 
on the river produced by the poorer efflu- 
ents from the sewage treatment plants. 

A majority of the Committee believes that 
the harmful effect of these detergents has 
already been demonstrated and considers, 
therefore, that it may be necessary to ex- 
ercise some control on the quality of do- 
mestic sewage. It is desirable that the 
detergent manufacturers should attempt to 
find active agents, which, while being as 
efficient detergents as the alkyl benzene 
sulfonates, are more readily broken down 
by the biological oxidation processes. 

The report recommends action which can 
usefully be taken by the government, manu- 
facturers of detergents, and by drainage 
authorities. To research workers it offers 
many valuable suggestions and ideas. 

Peter C. G. Isaac 


A Review of Methods of Sewage Dis- 
posal in Great Britain, with Special 
Reference to the Epizootiology of 
Cysticercus bovis. By R. H. Srver- 
MAN, AND R. B. Grirrirus. Ann. Trop. 
Med. Parasit., 49, 436 (1956). 

Before the Second World War infection 
of cattle with Cysticercus bovis (the larval 
stage of the human tapeworm, Taenia sa- 


* Please send to Federation headquarters all periodicals, bulletins, special reports, ete., which 


might be suitable for abstracting in THIs JOURNAL. 


Publications of public health departments, 


stream pollution control agencies, research organizations, and educational institutions are par- 
ticularly desired. Address such material: Federation of Sewage and Industrial Wastes Assns., 
4435 Wisconsin Ave., N.W., Washington 16, D. C. 
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ginata) was unknown in cattle slaughtered 
in Great Britain. Bovine cysticercosis now 
occurs with measurable frequency and, 
since the cattle become infected as a re- 
sult of which 
have been passed in the faeces of the hu- 
man host, sewage treatment, complete or 
incomplete, may be a source of infective 
ova. There have numerous unsuc- 
cessful attempts to find the human sources 
of this infection, and the postwar influx of 
immigrants may have resulted in the intro- 
duction of helminth infestations. 
Experiments which the authors and other 
investigators have carried out show that 


ingesting tapeworm 


evos 


been 


viable eggs of tapeworm and other hel- 
minths can survive most urban and rural 
sewage treatment processes, and be con- 


tained in the effluent or air-dried sludge. 
Sludge digested at 85 to 90° F. appears to 
be free from any viable helminth ova, but 
viable ova can survive in air-dried sludge 
for almost one year. 

Experiments also have been undertaken 
on the treatment of sewage effluents using 
rapid sand filtration and microstraining. 
Sand filtration was not effective in remov- 
ing the ova of Taenia or Ascaris, but micro 
straining removed 90 to 95 per cent of the 
ova. The authors that the ap- 
parent inerease in bovine cysticercosis may 
be associated with the increasing overload- 
ing of out-of-date sewage treatment plants. 

Feeding experiments have indicated that 
the seagull, which is usually to be found 
near outfalls on the 
pass viable ova, whereas the pigeon, which 
unlike the seagull has a crop, does not. 


eonsider 


sewage seaside, can 


The seagull, therefore, is probably impli- 
eated in this transmission. 
Peter G. Isaac 


BOOKS, REPORTS 
AND PAMPHLETS 


Encyclopedia of Instrumentation for In- 
dustrial Hygiene. University of Michi- 
gan, Ann Arbor, Mich. $29 50 
(1955). 

Illustrated encyclopedia divided into the 
following eight sections on instrumentation : 
air velocity, air pollution, sound and vibra 
tion, air sampling and analysis, ionizing 
radiation, ultraviolet, visible and infrared 
energy, laboratory and home-assembled. 


Price, 
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April, 1957 


American Standard Minimum Require- 
ments for Sanitation in Places of Em- 
ployment. American Standards Assn., 
70 East 45th St., New York 17, N. Y. 
Price, $0.50 (1955). 


Lifelines of Civilization. Lock Joint Pipe 
Co., East Orange, N. J. (1955). 
Attractive illustrated record commemo- 

rating 50 years of reinforced concrete pipe 

use and production by the Lock Joint 

Pipe Co. 


Deposition of Salts from Sea Water by 
Frigid Concentration. U. 8. Dept. of 
Commerce, Office of Technical Services, 
Washington 25, D. C. 34 pp. Price, 
$1.00 (1955). 


Walter Pollution Study. Sacramento 
River Watershed. Central Valley Re- 
gional Pollution Control Board, Sacra- 
mento, Calif. (1955). 


Peace and Alafia Rivers Stream Sanita- 
tion Studies, 1950-1953. Vol. I. The 
Alafia River. Florida State Board of 
Health, Jacksonville, Fla., mimeo. (1955). 
Reports on a three-year stream sanitation 

survey of the Alafia River which drains an 

extensive phosphate rock mining area. 


Hydraulic Research in the United States. 
Epirep BY HeLEN K. Mippieton. Na- 
tional Bureau of Standards, Supt. of 
Doe., U. S. Govt. Printing Off., Wash- 
ington, D. C. 198 pp. Price, $1.25 
(1955). 

Compilation of active hydraulie research 
projects by private industry, universities 
and government, in the United States and 
Canada. 


FILMS 


The Operation 
Turbo-Dryers. 
42-05 27th St., Long Island City, N. Y. 
(1955) 


and Application of 
Wyssmont Co., Ine., 


Sound, color movie, 16 mm., 12 min. 
Explains general prineiples of drying with 
emphasis on vertical Turbo-Dryers for 
food, chemical, fertilizer and related in- 
dustries. 
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BIOSORPTION® Activated Sludge Plant 
Neillsville, Wisconsin 


Consulting Engineers 
Davy Engineering Co., Inc 
La Crosse, Wisconsin 


SUPERIOR 
FEATURES 


PRESSURE RELIEF and 
VACUUM BREAKER VALVE 
with FLAME ARRESTER 
FIG. No. 5800C 


The multi-plate Flame Arrester bank 
has larger area than competitive units 
of same size. 


Much more flow per minute than 
same size competitive equipment, 
due to less capillarity and friction in 
the Flame Arrester passageways; 
streamlining and expanding passage- 
ways of Pressure Relief and Vacuum 
Breaker Valve. 


4. 


“VAREC" Fig. No. 5800C 
Pressure Relief and Vacuum Breaker 
Valve installed on INFILCO unit. 


Easy to clean. Just loosen frame hold- 
ing Flame Arrester plates together — 
plates separate to permit easy clean- 
ing with distillate, chemical solution 
or wire brush. 


All aluminum construction makes 
“VAREC” Pressure Relief and Vacu- 
um Breaker Valve corrosion resistant. 
Lighter weight facilitates installation. 


The flame arresting element is identical to that listed by 
Underwriter’s Laboratories and approved by Associated 
Factory Mutuals Laboratories for use on oil storage tanks 
on which hazard is considerably greater than that generally 
encountered in sewage treatment plants. 

Send for ‘‘VAREC" Catalog S-3 today. 


THE VAPOR RECOVERY SYSTEMS COMPANY 
2820 North Alameda Street, Compton, California 
Cable Address: Varéc Compton California (U.$.A.) All Codes 


Available from Authorized Equipment Agents throughout the U.S. and Canada. 
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Proceedings of Member Associations 


GEORGIA WATER AND 
SEWAGE ASSOCIATION 


The Silver Anniversary of the 
Georgia Water and Sewage School 
was appropriately commemorated at 
the 1956 Annual Meeting of the 
Georgia Water and Sewage Associa- 
tion, held at the Georgia Institute of 
Technology, Atlanta, Ga., September 


21-23, 1956. The annual meeting is 
held in conjunction with the short 
school. 

The technical program included 
topics of interest to persons with 


varied background experience. Out- 
standing speakers were featured. 

A special 25th Anniversary booklet 
was published for this occasion and 
dedicated to Professor Hugh Allen 


Wyckoff, Head, Department of Public 
Health and Biology, Georgia Institute 
of Technology. Special luncheons and 
dinners were held in honor of the oc- 
casion. 

Paul Weir, President, American 
Water Works Association, and the first 
president of the Georgia Water and 
Sewage Association, was honored at 
the annual banquet. Other past presi- 
dents of the association were also hon- 
ored and special presentations were 
made. An interesting inspection trip 
to the Rome, Ga., water treatment 
plant, followed by a Bar-B-Que din- 
ner, completed the program festivities. 

Officers elected were as follows: 
President: F. L. Futral, Newnan. 
First Vice-President: M. B. Nixon, 

Atlanta. 


sion. 


dustry. 


SNOW GATES 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 


ALL SNOW GATES and Lifts are ‘‘Parker- 
ized”’ for protection against rust and corro- 


Over 40 years continuous service to the in- 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW GaTES & VALVES 


2437 East 24th Street 


for 


Los Angeles 54, Calif. 
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Second Vice-President: A. B. Culver- 
house. 

FSIWA Director: R. E. Stiemke, At- 
lanta. 

Secretary-Treasurer: A. T. Storey, At- 
lanta. 

A. T. Srorey, 
Secretary-Treasurer 


WEST VIRGINIA SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 

The 10th Annual Meeting of the 
West Virginia Sewage and Industrial 
Wastes Association was held on Octo- 
ber 31—November 2, 1956, at the West 
Virginian Hotel, Bluefield, West Vir- 
ginia. Approximately 135 men and 
15 ladies were registered at this meet- 
ing, which represented a combined 
gathering with the West Virginia sec- 
tion of the American Water Works 
Association. 

A program of interest to sewage 
works, industrial wastes, and operat- 
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ing personnel was presented at well- 
attended technical sessions. High- 
lights of the Thursday program were 
a paper by J. F. Byrd, Procter and 
Gamble Company, Cincinnati, Ohio, 
on the industrial viewpoint with ref- 
erence to the treatment of industrial 
wastes in municipal sewage treatment 
plants, and an interpretation of Fed- 
eral Law 660, by L. M. Kenna, mem- 
ber of the West Virginia State Water 
Commission. 

The annual banquet was attended 
by more than 100 members and guests 
and the Arthur Sidney Bedell Award 
was presented to Mr. Harry Kenneth 
Gidley, Consulting Engineer and 
former Director, Division of Sanitary 
Engineering, West Virginia State De- 
partment of Health. An interesting 
and varied entertainment program was 
presented by local talent. Presiding 
at the banquet was Association Presi- 


(Continued on page 166a) 


specialists 


* Sewer Rods 


* Sewer and Pipe Cleaning Equipment 


* Sectional Steel Rods 
* Complete Sewer Cleaning Machines 
* Braces and Guides 
* Buckets, Root Cutters, Drag Tools 


Save the cost of experimenting. Consult Stewart for any prob- 
lem in the specialized field of pipe cleaning. 


W.H. STEWART, ING. 0.00: 767, syracae, 


166a 


dent, T. K. Bruce, son of the Associa- 
tion’s first president. 

During the business meeting the fol- 
lowing officers were elected : 


President: John W. Lester, Charles- 
ton. 

First Vice-President: 
buckle, Nitro. 

Second Vice-President: 
Pitts, Jr., Parkersburg. 

FSIWA Director: O. C. 
South Charleston. 

Secretary-Treasurer: Glen O. Fortney, 
Charleston. 


Paul T. Ar- 
Harry W. 


Thompson, 


The Friday program featured an 
inspection trip to the Lynchburg 
Foundry, Radford, Va., and a lunch- 
eon at the foundry. 

GLEN O. ForTNeEy, 
Secretary-Treasurer 


SOUTH CAROLINA WATER 
AND SEWAGE WORKS 
ASSOCIATION 

The 1956 Annual Meeting of the 
Sewage Section of the South Carolina 
Water and Sewage Works Association 
was held on Nov. 14-16, 1956, in Co- 
lumbia, S. C. Honor guests were K. 


S. Watson, Vice-President of the Fed- 
eration, and R. 8S. Phillips, Assistant 
Superintendent, 
Charlotte, N. C. 
was 24. 
Discussion of waste treatment prob- 
effects of 


Water 
Total 


Department, 
registration 


lems featured the eotton 
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slashes (sizing) wastes on sewage 
treatment works and the general prob- 
lems of waste disposal to municipal 
sewers and their regulation by city 
ordinance. 

The program was as follows: 


‘*Effects of Slasher Wastes on a 
Trickling Filter Sewage Treatment 
Plant,’’ by Ralph Pennington, Chief 
Operator, Gaffney, 8. C. 

‘‘Effects of Slasher Wastes on 
Sludge Digestion,’’ by J. D. Leslie, 
Chemist, Springs Cotton Mills, Fort 
Mill, S. C. 

‘*Effects of Slasher 
hoff Tanks—Review of Probable 
Causes,’’ by G. A. Rhame, Engineer 

‘Chemist, South Carolina Water Pol- 
lution Control Authority, Columbia, 
S. C. 

*‘Disposal of Metal Finishing 
Wastes to Municipal Sewers,’’ by K. 
S. Watson, Consultant, General Elec- 
tric Co., Schenectady, N. Y. 


Wastes on Im- 


‘““The Charlotte, North Carolina, 
Sewer Use Ordinanees,’’ by R. S. 
Phillips, Assistant Superintendent, 


Water Department, Charlotte, N. C. 
Officers were elected as follows: 


Chairman: Maleolm Beach, Winnsboro. 


Vice-Chairman: W. G. Crosby, Co- 
lumbia. 

Secretary-Treasurer: T. P. Anderson, 
Columbia. 


T. P. ANDERSON, 
Secretary-Treasurer 


Surer Gland kubrication 
| for Centrifugal Pumps 


THE Z-F GREASE SEAL eliminates that 
trouble spot where shaft enters casing. 
} constant positive lubrication to packing and shaft— 
automatically. 
and scoring will dissapear as the 
Grease Seal supplies a constant flow 
of lubrication when pump starts until 
it stops—automatically. Many other 
advantages, too. 
description and price. 

Francescon, Moline, 


Applies 


Excessive heat, rapid wear, leakage 


Write for complete 
Zimmer and 


Ay 
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DIRECTORY OF ENGINEERS 


(Continued through page 174a) 


ALBRIGHT & FRIEL, INC. 
CONSULTING ENGINEERS 


Water. Sewage, Industrial Wastes and Incineration Problems 
City Planning, Highways, Bridges and Airports 
Jams, Flood Control, Industrial Buildings 
Investigations, Reports, Appraisals and Rates 


THREE PENN CENTER PLAZA 
PHILADELPHIA 2, PA. 


ALVORD, BURDICK & HOWSON 
Engineers 
Charles B. Burdick Louis R. Howson 
Donald H. Maxwell 
Water Works, Water Purification, 
Flood Relief, Sewerage, Sewage 
Disposal, Drainage, Appraisals, 
Power Generation 
Civic Opera Building Chicago 


ANDERS@N-NICHOLS 


Consulting Engineers 
Water Supply, Distribution and Treatment, In- 
dustrial Waste Treatment, Sewage Collection and 
Disposal, Refuse Collection and Disposal, Drain- 
age, Highways and Bridges. 


Concord, N. H. Boston 14 Baltimore, Md. 


JOHN J. BAFFA 
Consulting Engineer 


Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 
Investigations & Rate Studies 


75 West Street New York 6, N. Y. 


MICHAEL BAKER, JR., Inc. 
Consulting Engineers 
Civil Engineers, Planners, and Surveyors 
Municipal Engineers —-Airport Design —Sewage Disposal 
Systems Water Works Design and Operation —Surveys 
and Maps —City Planning Highway Design —Construc- 
tion Surveys —Pipe Line Surveys 


Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 
Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 
Industrial Waste Treatment 
Investigations 


P. O. Box 166 Crystal Lake, Hlinols 


THOMAS W. BEAK 
Consulting Biologist 

Pollution Studies 

Stream and Lake Surveys 

Toxicity Tests 


Biological and Chemical Analyses 


113 Charlotte St., Ottawa, Ontario, Canada 


HOWARD K. BELL 


Consulting Engineers 
G. 8. Bett C. G. GaITrHER J. K. Laraam 
J. W. Finney, Jr., Assoc. 

Sewerage Water Works 
Sewage Treatment Water Purification 
Refuse Disposal Swimming Pools 
Industrial Wastes 


553 S. LIMESTONE ST., LEXINGTON, KY. 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


W. H. & L. D. BETZ 
Consulting Engineers 


Industrial Waste 

Industrial Water 
Analysis Design 
Investigations Operation 


Gillingham & Worth Sts. Philadelphia 24, Pa. 


It pays to secure competent and experienced engineering advice! 
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BLACK & VEATCH 
Consulting Engineers 
Sewage - Water - Electricity - Industry 
Reports, Design, Supervision 
of Construction, Investigations, 


Valuation and Rates 


Kansas City 14, Mo. 


1500 Meadow Lake Parkway 


BOGERT 


AND CHILDS 


Consulting Engineers 
CLiIntoN L. BoGeRT FReEp 8. CHILDS 


IvAN L. BOGERT 


Ropert A. LINCOLN 


DoNALD M. DITMARS 


WILLIAM MARTIN 


Water & Sewage Works 


Drainage 


Flood Control 


Highways and Bridges Airfields 


145 East 32nd Street, New York 16, N. Y. 


CHARLES A. MANGANARO Wastes 


Refuse Disposal 


75 West Street 


Engineers 


BOWE, ALBERTSON & ASSOCIATES 


Sewage and Water Works—Industrial 
-Refuse Disposal—M unicipal 
Projects—Industrial Buildings—Reports— 
Plans—Specifications—Super vision of 
Construction and Operation— 
Valuations—Laboratory Service 


New York 6, N. Y. 


BOYLE E 


Consult 


Water — 


NGINEERING 
ing Engineers 


Sewers Streets 


Structures Surveys 
Reports—Special Districts 


331 Spurgeon Bidg. 
Santa Ana, Calif. 


3913 Ohio, Rm. 200 
San Diego 4, Calif. 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 


Official Professional Journal of the 
Sewage and Industrial Wastes 


ield! 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 


WATER - SEWAGE -INOUSTRIAL WASTE 
CONSULTATION - DESIGN - OPERATION 


CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 


K. P. BUILDING 


Consulting Engineers 


Electric Distribution, Rates 


BROWN ENGINEERING CO. 


Waterworks, Sewage Disposal, Airports 
Street Improvements, Power Plants 


DES MOINES, 


F. G. Browne 
W. G. Smiley 
G. M. Hinkamp 


FLOYD G. BROWNE AND ASSOCIATES 


S. W. Kuhner 
C. R. Martin 
W. H. Kuhn 


Consulting Engineers 


Water - Sewage - 
Reports, De 


Industrial Wastes - Power 
signs, Construction 


Supervision, Investigations, 


L 


aboratory 


123-125 W. Church Street Marion, Ohio 


Valuations and Reports 


BUCK, SEIFERT AND JOST 
Consulting Engineers 


Specializing in Sewerage and Sewage Disposal, 
Water Supply and Water Purification, 


Chemical and Biological Laboratories 


112 East 19th Street New York 3, N. Y. 


Your firm should be 
listed here 


the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 


ment. 


2015 W. Fifth Ave. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 


Established 1908 


Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


Columbus 12, Ohio 


Take advantage of the services of these outstanding consultants! 
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BURNS & McDONNELL 


Engineers - Architects - Consultants 
KANSAS CITY, MO. 
P.O. Box 7088 
Phone: DElmar 3-4375 


DIRECTORY OF 
ENGINEERS 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
Flood Control 


6 Beacon St. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 


Designs and Surveys Roads and Streets 
Planning Airports 
Bridges Dams 


Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage Treatment 
Industrial Waste Disposal and Recovery 
Power Plants—Incineration—Gas Systems 
Valuations—Rates-Management 
Laboratory 


601 Suismon St., Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 


Engineers ~ Architects 
Municipal Industrial 
Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply—Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


360 East Grand Ave. Chicago 11, Ill, 


CONSULTING BIOLOGISTS 
Thomas Dolan Charles B. Wurtz 
Freshwater and Marine Pollution Surveys 
Biological Surveys of Sewage and 
Industrial Wastes 
Effects of Pollution 
Self-Purification Capacity Studies 
Analyses, Chemical and Bacteriological 
Bioassays 
Investigations and Reports 
610 Commercial Trust Bldg. 
Philadelphia 2, Pa. 


COTTON, PIERCE, STREANDER, INC. 


Associated C lting Eng 


Water Supply, Treatment, Distribution, 
Sewerage, Sewage Treatment, Refuse Disposal 
132 Nassau Street, New York, N. Y. 

55 Caroline Road, Gowanda, N. Y. 

2718 Garfield Street, Hollywood, Fila. 
Colon 106, Havana, Cuba 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


Your firm should be 
listed here 

the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 


ment. 


Damon & Foster 


Consulting Cirtl Engineers and 
Surveyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


It pays to secure competent and experienced engineering advice! 
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CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installation 


Electro Rust-Proofing Corp. (N.J.) 


Belleville 9, New Jersey 


FAY, SPOFFORD & THORNDIKE, INC. 
ENGINEERS 


Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment 
Airports—Bridges—Turnpikes 
Port and Terminal Works—lIndustrial Bldgs 
BOSTON, MASSACHUSETTS 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
m the... 

Official Professional Journal of the 

Sewage and Industrial Wastes Field! 


FINKBEINER, PETTIS & STROUT 


Careton 8. Finxpetner Cunarves E. Perris 
Harovp K. Strout 
Consulting Engineers 
Reports, Designs, Supervision, 
Water Supply, Water Treatment, Sewerage, 
Sewage Treatment, Wastes Treatment 
Valuations & Appraisals 


518 Jefferson Avenue Toledo 4, Ohio 


FREESE & NICHOLS 
FORT WORTH, TEXAS 
FREESE, NICHOLS & TURNER 
HOUSTON, TEXAS 
Industrial and Municipal Engineering— 
Water Supply and Purification—Sewerage 
and Industrial Waste Treatment—High 
ways and = Structures—-Dams—Drainage 
Works—-Airports— Investigations— Valua 
tion—-Design and Supervision 


FROMHERZ ENGINEERS 
Structural - Civil - Sanitary 
Four Generations Since 1867 
Water Supply; Sewerage; Structures; 
Drainage ; Foundations 
Industrial Waste Disposal 
Investigations; Reports; Plans and 
Specifications ; Supervision 


816 Howard Avenue New Orleans 12, La. 


EDWARD A. FULTON 


Consulting Engineers 


Investigations, Reports, Valuations, De- 
sign and Construction—-Water Supply and 
Purification Plants; Sewerage and Sew 
age Treatment Works; Municipal Paving 
and Power Developments; Dams and 
Flood Control 


3209 Brown Road Saint Louis 14, Missoari 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams, Water Works, Sewage, Industrial Wastes & Gar- 
bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking—Appraisals, Investigations & Reports 
HARRISBURG, PENNA. 


Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. 


GARRITY & MOSHER 


Engineers 
Leo V. Garrity L. W. Mosner 


Municipal and Industrial Water and 
Sewage Works 
Water System Analyses 
Tunnels and Foundations 
Reports, Designs, Plans and Specifications 


14050 W. McNichols Rd. Detroit 35, Mich. 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


607 Washington St. 
READING, PA. Washington 


New York 


Glace & Glace, Inc. 
Civil and Sanitary Engineers 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 


Design, Construction and Supervision 
of Operation 


1001 N. Front Street Harrisburg, Pa. 


Take advantage of the services of these outstanding consultants! 
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GREELEY & HANSEN 
Engineers 
Samuel A. Greeley Paul Hansen (1920-1944) 
Paul E. Langdon _ Kenneth V. Hill 
Thomas M. Niles Samuel M. Clarke 


Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 
Sewerage, Sewage Treatment 


220 S. State Street, Chicago 4 


DIRECTORY OF 
ENGINEERS 


FRANK E. HARLEY AND ASSOCIATES 
Consulting Engineers 
Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes and Garbage Disposal : 
Municipal Improvements Town Planning 
Surveys 
Design, Supervision and Operation 


260 Godwin Avenue Wyckoff, N. J. 


HARRIS-DECHANT ASSOCIATES 
Frederick H. Dechant Consulting Engineer 


Water Works, Industrial Wastes, Sewerage, 
Recovery Processes, Hydraulic Works, 
Natural Gas Transmission and Distribution. 


123 S. Broad St. Philadelphia 9, Pa. 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


HASKINS, RIDDLE & SHARP 
Consulting Engineers 


Water—Sewage «& Industrial Wastes— Hydraulics 
Reports, Design, Supervision of Construction 
Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. Kansas City 5, Mo. 


HAVENS AND EMERSON 
W. L. Havens A. A. Burger 
J. W. Avery Hi. H. Moseley 
F. S. Palocsay E. S. Ordway 
F. C. Tolles, Consultant 
Consulting Engineers 
WATER, SEWERAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS—LABORATORIES 
Leader Bldg. Woolworth Bidg. 
Cleveland 14, O. New York 7, N. ¥. 


HAZEN AND SAWYER 
ENGINEERS 
Ricuarp Hazen W. Sawyer 


Municipal and Industrial Water Supply 
Purification and Distribution 
Sewage Works and Waste Disposal 
Investigations, Design, 
Supervision of Construction and Operation 


122 East 42nd Street New York 17, N. Y. 


HENNINGSON, DURHAM 
& RICHARDSON, INC. 


Engineers and Architects since 1917 
for more than 700 cities and towns 
Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage, Industrial Works 


2962 Harney St. Omaha 2, Nebraska 


HORNER & SHIFRIN 


Consulting Engineers 
W. W. Horner E. E. Bioss 
C. LiscHer 
Airports — Hydraulic Engineering — 
Sewerage and Sewage Treatment — 
Water Supply — Municipal Engineering 
— Reports 
Shell Building, St. Louis 3, Missouri 


GRIT AND HEAVY SLUDGE REMOVAL 
CONCRETE RESTORATION 
SEWAGE AND WATER WORKS 


HUDSON -RUMSEY CO., INC. 


Professional Engineers 


1679 Niagara St. 
Buffalo 7, N. Y. 


It pays to secure competent and experienced engineering advice! 
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DIRECTORY OF 
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The Jennings-Lawrence Co. 
Civil and Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 

Sewers & Sewage Treatment 
Reports 


1392 King Ave. 


Design—Construction 


Columbus 12, Ohio 


JONES, HENRY & WILLIAMS 
Consulting Sanitary Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


KAIGHIN AND HUGHES 
ENGINEERS 
INDUSTRIAL WASTES DIVISION 
E. B. BESSELIEVRE, MGR 
STUDY - DESIGN - EQUIPMENT - CONSTRUCTION 
1080 Atlantic Ave. Toledo 1, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
Water Supply and Purification, Sewerage and 
Sewage Treatment, Garbage and Refuse 
Disposal and Incineration, Industrial 
Buildings 


TROY, NEW YORK 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 
offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 


MORRIS KNOWLES Inc. 


Engineers 


Water Supply and Purification, Sewer 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bldg. 


Pittsburgh 22, Pa. 


KOEBIG AND KOEBIG 


Consulting Engineers Since 1910 
Investigations, Reports, Designs 
Sewerage & Sewage Treatment 

Water Supply & Water Treatment 
Municipal Engineering 


3242 West 8th Street, Los Angeles 5, Calif. 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


Wm. S. Lozier Co. 


Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 

fication, Refuse Disposal 
Rochester, 4, N. Y. 


10 Gibbs Street 


GEORGE B. MEBUS, Ine. 


Consulting Engineers 
Water Supply Sewage Treatment 
Industrial Waste Treatment 
BROAD STREET TRUST BUILDING 
GLENSIDE, PA. 


METCALF & EDDY 
Engineers 


Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Laboratory Valuations 


Airports 


Statler Building 
Boston 16 


Take advantage of the services of these outstanding consultants! 
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Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION— DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 
327 Franklin St., Buffalo, N. Y. 

500 Fifth Ave., New York 36, N. Y. 


DIRECTORY OF 
ENGINEERS 


PARSONS, BRINCKERHOFF, 
HALL & MACDONALD 
G. Gale Dixon, Associate 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems 


Structural — Power — _ Transportation 


51 Broadway New York 6, N.Y. 


Your firm should be 
listed here 


. . the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


E. C. PATTEE 


Consulting Chemical Engineer 


Industrial Waste Disposal 
Process Development, Surveys & Design 


Provident Bank Bldg., Cincinnati 2, Ohio 


PIATT AND DAVIS 
WM. M. PIATT P. D. DAVIS 
Cc. lting, Designing, and Supervising Engineers 


Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Public Buildings, Streets 
Power Plants, Electrica! Distribution 
Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, N. C. 


MALCOLM PIRNIE ENGINEERS 


Civil and Sanitary Engineers 
Malcolm Pirnie Ernest W. Whitlock 
Robert D. Mitchell Carl A. Arenander 
Malcolm Pirnie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 
25 West 43rd Street New York 36, N. Y. 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Industrial Wastes; Investigations 
Reports; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 
36 De Grasse St. Paterson 1, N. J. 


THOMAS M. RIDDICK 


Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Laboratones for Chemical and Bacteriological 
Analyses 


369 BE. 149th St. New York 55, N.Y. 


RIPPLE AND HOWE, Inc. 
Consulting Engineers 
O. J. Rippre V. A. VASEEN B. V. Howe 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 


833-35 Twenty-Third St. Denver 5, Colorado 


Robert and Company 
Associates 
Engineering Division 


ATLANTA 


Water Supply - - - - - - - Incinerators 
Sewage Disposal - - - - - - Power Plants 


RUSSELL AND AXON 


Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., Municipal Airport 
St. Louls 2, Mo. Daytona Beach, Fla. 


It pays to secure competent and experienced engineering advice! 
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ENGINEERS 


SMITH and GILLESPIE 
Consulting Engineers 
ves of 


Municipal Works & 
Utilities 


Complete Services 
is 


P. O. Box 1048, Jacksonville, Fla. 


STANLEY 
ENGINEERING COMPANY 


Consulting _En gineers 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply—Sewerage— Waste Disposal 
Bridges—Highways—lIndustrial Buildings 


Hershey Building 
Muscatine, lowa 


208 S. LaSalle Street 
Chicago 4, Illinois 


Studies—Surveys—Reports 


209 S. High St. 


Columbus 15, Ohio 


HENRY W. TAYLOR 
Consulting Engineer 
Water Supply, Sewerage 
Refuse Disposal, Incineration 
Industrial Developments 


151 W. Merrick Rd. 


Freeport, N.Y. 


ONLY $66 PER YEAR 


is the cost of a _ professional listing 


in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


J. S. WarKins . R. Watkins 
CONSULTING 


Munici ipal and Industrial Engineering, Water 
pply and Purification, Sewerage and Sewage 
Treats ent, Highways and Structures, Reports, 


Investigations and Rate Structures. 


251 East High Street Lexington, Kentucky 
Branch Office 
4726 Preston Highway Louisville, Kentucky 


WESTON, ECKENFELDER AND ASSOCIATES 
Consultants 
Engineers—Biologists—Chemists 
Industrial Wastes 
Stream Pollution—Air Pollution 

‘ater—Sewage 
Surveys—Research— Development— Process 
Engineering—Operation Supervision—Anal- 

yses—Evaluations and Reports 


Newtown Square Pennsylvania 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 
Wastes Treatment 
Stream Pollution Studies 
Supervision, Valuation 
Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In- 

dustrial Development Problems, Water Supply, 

Water Purification, Water Front Improvements, 

Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


Your firm should be 
listed here 


... the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial 
wastes treatment. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 


Civil — Sanitary — Structural 
Mechanical — Electrical 


Reports, Plans, Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


Take advantage of the services of these outstanding consultants! 
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Albright & Friel, Inc Harley, Frank E., and Associates 
Alvord, Burdick & Howson Harris-Dechant Associates 
Anderson-Nichols & Company Haskins, Riddle & Sharp 


Baffa, John J. 
Baker, Michael, Jr., Inc 
Baxter & Woodman 


Havens and Emerson 
Hazen & Sawyer 


: : Henningson, Durham & Richardson, Inc. 
Beak, Thomas W Horner & Shifrin 
Bell, Howard K Hudson-Rumsey Co., Inc 
ac Veatc & Williams 
Bamet tnd Childs Jones, Henry & William 


Kaighn and Hughes 


Bowe, Albertson & Associates Keis & Holroyd 


Boyle Engineering 


: Kennedy, Clyde C. 

Co Knowles, Morris, Inc. 

Browne, Floyd G., and Associates Koebig & Roakly ae 

Buck, Seifert & Jost Lozier, Wm. S., Company 

Burgess & Niple Mebus, George B., Inc. 

Burns & McDonnell Metcalf & Eddy ‘ 

Camp, Dresser & McKee Nussbaumer, Clarke & Velzy, Inc. 
Capitol Engineering Corp. Parsons, Brinckerhoff, Hall & Macdonald 
Chester Engineers, The Pattee, E. C. 

Cole, Chas. W. & Son Piatt & Davis oe 

Consoer, Townsend & Associates Pirnie, Malcolm, Engineers 
Consulting Biologists: Dolan and Wurtz Purcell, Lee ae . 

Cotton, Pierce, Streander, Inc. Riddick, Thomas M. 

Damon & Foster Ripple & Howe } 
Electro Rust-Proofing Corp. (N. J.) Robert and Company Associates 
Fay, Spofford & Thorndike Russell & Axon 

Finkbeiner, Pettis & Strout Smith & Gillespie - 

Freese & Nichols Stanley Engineering Company 
Fromherz Engineers Stilson, Alden E., & Associates 
Fulton, Edward A Taylor, Henry W. 

Gannett, Fleming Corddry & Carpenter, Inc. Watkins, J. Stephen : 
Garrity & Mosher Weston, Eckenfelder and Associates 
Gilbert Associates, Inc Weston & Sampson 

Glace & Glace, Inc Whitman & Howard 


Greeley & Hansen Whitman, Requardt & Associates 


PATRONIZE OUR ADVERTISERS—whose support makes possible the pub- 
lication of this journal. When writing advertisers be sure to mention SEWAGE 
AND INDUSTRIAL WASTES. 
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Saap gasket on spigot end. 


Push spigot home. 


LOCK JOINT ROLLER SUSPENSION PIPE WITH 
LOCK JOINT FLEXIBLE JOINT RUBBER GASKET 


Many engineers who demand the best 
in sewer lines specify Lock Joint Roller 
Suspension Pipe for their projects. In 
addition to its unusual strength, this 
concrete pipe offers premiums in 
durability, economy of installation 
and excellence of joint structure. 

Where a tight line is imperative, you 
will get best results by sealing Roller 
Suspension Pipe’s precision made 
joint ends with Lock Joint Flexible 
joint Rubber Gaskets. These gaskets 
require no joint compound or adhe- 
sive. Merely snap the gasket in place 


on the spigot end and force the spigot 
“home” in the bell. The joint thus 
formed will not only reduce your in- 
filtration problems to a minimum, 
but will also have such a degree of 
flexibility as to accommodate unusual 
deflections from ground settlement or 
other sources without endangering 
the complete tightness .of the line. 


Joint still tight when deflected. 


LOCK JOINT PIPE CO. 


East Orange, N. J. 


Sewer and Culvert Pipe Plants: 

Kenilworth, New Jersey 
Hartford, Connecticut 
New Haven, Connecticut 
Beloit, Wisconsin 
Chicago, Illinois 
Rock Island, Illinois 

Also Great Lakes Concrete Pipe Company with plants at Buffalo, N. Y. and Henrietta, N. Y. 


Valley Park, Missouri 

N. Kansas City, Missouri 
Tulsa, Oklahoma 
Oklahoma City, Oklahoma 
Wichita, Kansas 

Denver, Colorado 


Cheyenne, Wyoming 
Casper, Wyoming 
Tucumcari, New Mexico 
Hato Rey, Puerto Rico 
Ponce, Puerto Rico 
Caracas, Venezuela 


For Superior, Infiltration-Proof Sewer Lines 

: | 


W&T V-notch Chlorinator at Esso’s Baton Rouge Refinery feeds chlorine at rates up to 
500 Ibs./24 hr. over a 10 to 1 feed range. Other V-notch models are available with maxi- 
mum capacities from 500 to 2000 Ibs./24 hr. over a 20 to 1 feed range. 


NEW W8&T V-NOTCH CHLORINATORS, 


are rugged—easy to operate 
—moderately priced 


The W&T V-notch Chlorinator installed at the Esso Standard 
Oil Co. Refinery, Baton Rouge, La. is housed in a shed open to the 
sun, weather, and water spray drifting from a cooling tower. The 
average water or sewage treatment plant operator would consider 
this rugged service for any piece of equipment. 

W&T V-notch Chlorinators have proven in this and other in- 
stallations that they can withstand rugged service. The design of 
new V-notch Chlorinators uses not only modern corrosion proof 
materials but a new concept of chiorine gas control, the W&T V-notch 
Variable Orifice. V-notch Chlorinators are easy to operate and main- 
tain. They provide the precise chlorine control that is expected from 
Wallace and Tiernan equipment. In addition, W&T V-notch Chlorina- 
tors are an attractive piece of equipment, colored soft green to fit 
into plant color schemes. 

Ask your local W&T representative for more information 
about W&T V-notch Chlorinators or send for Bulletin S-114. 


WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET, BELLEVILLE 9, NEW JERSEY 


LANCASTER PRESS, INC., LANCASTER, PA. 
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